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FOREWORD 


This  report,  the  Review  of  Experience,  documents  the  historical  main- 
tenance experience  for  CG-26  Class  Gun  Fire  Control  Systems,  SWAB  Group  481. 
It  presents  an  analysis  of  the  existing  maintenance  policy  and  recomnends 
specific  maintenance  actions  and  maintenance  policy  modifications  to  iiqprove 
system  material  condition.  It  has  been  developed  for  NAVSEA  931X,  the 
manager  of  the  Destroyer  Engineered  Operating  Cycle  (DDEOC)  Program,  under 
Navy  Contract  N00024-78-C-4062. 
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SUMMARY 


The  goal  of  the  Destroyer  Engineered  Operating  Cycle  (DDEOC)  Program 
is  to  effect  an  early  improvement  in  the  material  condition  of  ships  at 
an  acceptable  cost,  while  maintaining  or  increasing  their  operational  avail- 
ability during  an  extended  operating  cycle.  In  support  of  this  goal.  System 
Maintenance  Analyses  (SMAs)  are  being  conducted  for  selected  systems  and 
subsystems  of  designated  surface  combatants.  The  principal  element  of  an 
SMA  is  the  Review  of  Experience  (ROE).  This  report  documents  the  ROE  for 
the  CG-26  Class  Gun  Fire  Control  Systems,  SWAB  Group  481. 


The  ROE  is  an  analysis  of  the  impact  of  historical  maintenance  require- 
ments and  policy  on  the  operational  performance  or  maintenance  program  of 
a ship  system,  and  the  significance  of  these  requirements  to  the  DDEOC 
Program.  The  report  documents  a recommended  system  maintenance  policy  and 
specific  maintenance  actions  best  suited  to  meeting  DDEOC  goals. 


The  ROE  for  the  Gun  Fire  Control  Systems  included  an  analysis  of  all 
available  maintenance  data  sources.  The  documented  maintenance  experience 
of  the  system  was  reviewed  through  analysis  of  data  from  the  Maintenance 
Data  System  (MDS) , Casualty  Reports  (CASREPs) , and  system  overhaul  records. 
Initial  findings  from  these  sources  were  correlated  with  Planned  Maintenance 
System  (PMS)  requirements,  the  alterations  program,  and  system  technical 
manuals.  Selected  ships  were  surveyed  and  discussions  were  held  with  appro- 
priate technical  groups  to  validate  identified  maintenance  requirements,  to 
identify  undocumented  maintenance  requirements,  and  to  determine  the  status 
of  current  and  planned  actions  affecting  the  Gun  Fire  Control  Systems.  All 
findings  were  evaluated  and  appropriate  conclusions  developed. 


A recommended  system  maintenance  policy  was  defined  on  the  basis  of 
these  conclusions  and  recommendations  were  then  made  to  implement  the  policy 
by  periodically  accoiqplishing  specific  types  of  corrective  maintenance  ac- 
tions. These  actions  were  documented  for  inclusion  as  tasks  in  the  CG-26 
Class  Maintenance  Plans.  Also  included,  as  appropriate,  were  recommenda- 
tions for  improving  system  preventive  maintenance;  integrated  logistic 
support;  reliability,  maintainability,  and  availability;  and  depot-  and  IMA- 
level  capabilities.  Implementing  these  combined  recommendations  will  mini- 
mize the  impact  of  corrective  maintenance  on  the  extended  operating  cycle. 


The  major  findings  and  conclusions  of  this  ROE  for  the  CG-16  and  CG-26 
Class  Gun  Fire  Control  Systems  are  summarized  as  follows: 

• Electronic  systems  and  components  do  not  exhibit  any  regular  fail- 
ure pattern;  that  is,  the  probability  of  failure  is  the  sane  at 
any  given  time.  Therefore,  no  benefit  is  derived  from  periodic 
replacement  of  electronic  components,  and  such  replacement  is  not 
recommended. 

• The  existing  maintenance  strategy  of  performing  the  preventive 
maintenance  prescribed  by  PMS  and  "run  to  failure"  is  adequate  to 
support  the  AN/SPG- 5 3A/F  Radar  Set  and  the  Mk  47  Mod  9 Computer 
through  an  extended  operating  cycle. 

• The  Mk  68  Gun  Fire  Control  Systems'  equipments  installed  aboard 
CG-26  Class  ships  exhibit  maintenance  burden  patterns  similar  to 
comparable  equipments  installed  aboard  DDG-37  and  FF-1052  Class 
ships. 

• Ship's  force  personnel,  with  very  little  outside  assistance  (IMA 
or  depot),  have  the  capability  to  perform  most  major  maintenance 
actions  to  the  AN/SPG- 5 3A/F  Radar  Set  and  the  Mk  47  Mod  9 Computer. 

Reliable  operation  of  the  Gun  Fire  Control  Systems  can  be  expected 
throughout  an  extended  operating  cycle  if  the  recommendations  contained  in 
this  study  are  implemented  and  existing  PMS  maintenance  requirements  are 
strictly  adhered  to. 
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1. 1 BACKGROUND 

System  Maintenance  Analyses  (SMAs)  are  being  conducted  as  part  of  the 
Destroyer  Engineered  Operating  Cycle  (DDEOC)  Programs  managed  by  NAVSEA 
931X.  The  principal  element  of  an  SMA  is  the  Review  of  Experience  (ROE) 
of  selected  systems  and  subsystems  of  program-designated  surface  combatants. 
This  report  documents  the  ROE  for  the  CG-26  Class  Gun  Fire  Control  System, 
SWAB  Group  481,  which  was  selected  for  analysis  because  equipments  of  this 
system  have  been  major  contributors  to  the  CG-26  Class  maintenance  burden. 


1.2  PURPOSE  AND  SCOPE 

The  ROE  is  an  analysis  of  the  impact  of  historical  maintenance  require- 
ments and  policy  on  a ship  system’s  operational  performance  or  maintenance 
program.  It  serves  as  a vehicle  for  documenting  the  significance  of  his- 
torical maintenance  requirements  to  the  DDEOC  Program. 

The  objective  of  the  ROE  is  to  define  and  document  a maintenance  pro- 
gram for  CG-26  Class  ships  that  will  prevent  or  reduce  the  need  for  un- 
scheduled maintenance  while  improving  material  condition  and  maintaining 
or  increasing  ship  availability  throughout  an  extended  ship  operating 
cycle.  The  maintenance  program  defined  and  documented  in  an  ROE  for  a 
selected  equipment  will  be  the  basis  for  maintenance  tasks  to  be  developed 
for  inclusion  in  the  Class  Maintenance  Plan. 

The  analysis  documented  in  this  report  is  specifically  applicable  to 
the  Gun  Fire  Control  Systems,  SWAB  Group  481,  of  the  CG-26  Class  ships. 

This  analysis  utilized  all  available  documented  data  sources  from  which 
system  maintenance  experience  could  be  identified  and  studied.  These  in- 
cluded Maintenance  Data  System  (MDS)  data,  Casualty  Reports  (CASREPs) , 

Board  of  Inspection  and  Survey  (INSURV)  reports,  departure  reports.  Ship's 
Alteration  and  Repair  Packages  (SARPs) , Planned  Maintenance  System  (PMS) 
requirements  data,  system  alteration  documentation,  and  system  technical 
manuals.  Sources  of  undocumented  data  used  in  this  analysis  included  dis- 
cussions with  ship's  force  and  cognizant  Navy  technical  personnel. 
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1.3  REPORT  FORMAT 


The  remaining  chapters  of  this  report  describe  the  analysis  approach 
(Chapter  Two) , briefly  present  the  significant  system  maintenance  experi- 
ence and  discuss  essential  maintenance  requirements  (Chapter  Three) , and 
summarize  the  conclusions  and  recommendations  derived  from  the  analysis 
(Chapter  Four).  Specific  analyses,  evaluations,  and  data  compilations 
that  support  the  findings  of  this  effort  are  included,  as  necessary,  in 
appendixes. 
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CHAPTER  TWO 


APPROACH 


2.1  OVERVIEW 

This  chapter  describes  the  approach  followed  in  performing  the  ROE 
for  equipments  and  subsystems  in  the  Gun  Fire  Control  Systems,  SWAB  Group 
481 . These  systems  were  identified  for  analysis  in  the  DDEOC  Selected 
Items  for  Analysis  List,  CG-26  Class,  ARINC  Research  Publication  1653-06- 
TR-1875.  Primary  data  sources  were  identified  in  Section  1.2.  The  data 
were  used  to  identify,  define,  and  analyze  maintenance  requirements  that 
have  significantly  affected  the  system's  operational  availability  and 
material  condition.  A recommended  maintenance  strategy  and  implementation 
procedures  were  formulated  on  the  basis  of  analysis  results.  The  major 
steps  of  the  analysis  were  as  follows: 

• Relevant  documented  and  undocumented  maintenance  history  data  were 
compiled  for  the  selected  equipments  or  subsystems. 

• These  data  were  analyzed  to  identify  and  define  recurring  mainte- 
nance requirements  that  have  a significant  impact  on  the  operational 
availability  and  material  condition  of  these  equipments  or  sub- 
systems. 

• The  results  of  ROE  analyses  were  compared  with  results  of  previously 
completed  analyses  of  identical  or  functionally  similar  equipment 
or  subsystems  (on  other  classes  of  ships)  to  determine  if  prior 
maintenance  strategy  and  implementation  recommendations  apply  to 
CG-26  Class  ships. 

• If  previously  developed  maintenance  strategies  and  recommendations 
were  determined  to  be  applicable  to  similar  equipment  or  subsystems 
of  the  CG-26  Class  ships,  they  were  identified  and  documented  in 
the  report.  CMP  tasks  previously  developed  were  modified  to  reflect 
their  applicability  to  this  ship  class. 

• Where  previously  developed  maintenance  strategies  and  implementa- 
tion recommendations  were  not  applicable  to  CG-26  Class  ships,  a 
detailed  maintenance  analysis  was  conducted  to  develop  the  mainte- 
nance strategy  to  be  recommended  and  the  steps  to  be  employed  in 
implementing  that  strategy. 
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2.2  DATA  COMPILATION 


The  analysis  began  with  the  compilation  of  comprehensive  data  on  the 
maintenance  history  of  the  system.  The  data  file  assembled  consisted  of 
four  key  elements:  an  MDS  data  bank,  a CASREP  narrative  summary,  a system 
overhaul  experience  summary,  and  a system  ShipAlt  summary.  A library  of 
appropriate  technical  manuals,  bulletins,  and  related  documents  was  also 
assembled.  The  MDS  data  bank  was  compiled  by  examining  all  MDS  data  re- 
ported for  the  CG-16  and  CG-26  Classes  from  1 January  1970  through  31  De- 
cember 1977.  In  the  case  of  the  CG-16  Class,  MDS  data  reported  between 
1 January  1970  and  completion  of  modernization  were  not  considered.  Thus 
the  data  bank  for  ships  of  this  class  includes  only  the  MDS  reported  mainte- 
nance actions  occurring  between  the  end  of  modernization  and  31  December 
1977.  CASREP  information  was  obtained  by  reviewing  CASREPs  submitted 
against  the  various  Gun  Fire  Control  Systems'  equipments  during  the  data 
period  1 January  1972  through  31  August  1978.  Overhaul  information  was 
obtained  from  authorized  SARPs  and  departure  reports  for  ships  of  both 
classes. 

; J 

2.3  MAINTENANCE  DATA  ANALYSIS 


Recurring  maintenance  requirements  affecting  the  availability  and 
ma  erial  condition  of  subsystems  or  equipments  were  identified  by  screening 
data  obtained  from  the  above-described  sources,  as  well  as  from  ship  surveys, 
discussions  with  Navy  technical  personnel,  and  NAVSEA  special-interest 
programs. 

MDS  data  provided  the  initial  and  primary  source  of  information  screen- 
ed. The  resulting  data  base  includes  all  part  and  labor  records,  as  well 
as  narrative  material,  describing  maintenance  actions  reported  against 
system  components.  The  purpose  of  the  screening  process  was  to  identify 
maintenance  actions  that  had  been  reported  against  the  Gun  Fire  Control 
Systems'  equipments. 


Preliminary  analysis  of  each  of  the  equipments  was  directed  toward 
determining  the  historical  maintenance  profile  in  terms  of  reported  mem- 
hours  per  equipment  operating  year,  types  of  maintenance  actions  commonly 
recurring,  type  and  number  of  repair  parts  used,  CASREP  frequency,  and  past 
ROH  experience.  The  historical  maintenance  profile  was  then  compared  with 


similar  information  developed  for  identical  or  functionally  similar  sub- 
systems or  equipments  previously  subjected  to  detailed  analysis  during  the 
performance  of  ROEs  for  FF-1052  and  DDG-37  Class  ships.  Further  analysis 
was  not  conducted  where  the  results  of  this  comparison  showed  that  the 
maintenance  profile  for  the  CG-26  Class  equipment  was  essentially  the  same 
as  that  of  an  identical  or  functionally  similar  subsystem  or  equipment 
previously  analyzed  on  another  ship  class.  Instead,  the  maintenance 
strategy  and  implementation  recommendations  developed  for  the  same  or 
similar  equipment  on  a previously  analyzed  ship  class  were  identified  as 
being  applicable  to  the  CG-26  Class  ships,  as  documented  in  this  report. 


Where  the  results  of  the  historical  maintenance  profile  comparison 
did  not  reveal  a marked  similarity,  a detailed  maintenance  requirements 
engineering  analysis  was  conducted.  Initially,  man-hour  and  parts- usage 
trends  were  examined  to  determine  if  either  parameter  increased  as  a func- 
tion of  time  after  overhaul,  indicating  wear-out  or  deterioration.  If  no 
increasing  trend  was  evident,  it  was  assumed  that  the  equipment  or  subsystem 
could  be  expected  to  continue  to  operate  satisfactorily,  exhibiting  its 
current  maintenance  characteristics  throughout  an  extended  operating  cycle. 
If  an  increasing  trend  was  evident,  additional  analysis  was  conducted  to 
identify  apparent  problems  and  establish  the  time  at  which  planned  restor- 
ative maintenance  would  be  required  to  prevent  an  unacceptable  increase  in 
maintenance  burden  and  downtime. 

Detailed  analysis  was  directed  toward  defining  each  recurring  signifi- 
cant maintenance  requirement  in  terms  of  several  specific  factors:  the 
effect  of  the  maintenance  action  on  the  subsystem  or  equipment,  the  interval 
between  occurrences  of  the  action,  the  redundancy  of  the  affected  subsystem 
or  equipment,  the  criticality  to  mission  accomplishment,  the  resources  re- 
quired to  perform  the  necessary  corrective  maintenance,  and  the  expected 
subsystem  or  equipment  downtime. 

Once  the  factors  associated  with  the  historically  required  maintenance 
actions  were  identified,  the  individual  types  of  historical  maintenance 
actions  were  analyzed  to  identify  any  design-  or  maintenance-related  prob- 
lems that  would  have  an  impact  on  the  selection  of  a maintenance  strategy. 
Solutions  were  then  sought  by  examining  each  problem  in  relation  to  the 
extent  to  which  it  was  recognized  and  its  amenability  to  established  types 
of  corrective  action.  These  analysis  criteria  are  expressed  in  the  follow- 
ing questions: 

• Is  the  problem  known  to  the  Navy  technical  comriunity,  and  has  a 
solution  been  proposed  or  established? 

• Will  a design  change  reduce  or  eliminate  the  problem? 

• Is  the  problem  PMS-related?  Can  it  be  reduced  or  eliminated  by 
changes  to  PMS?  (These  changes  might  include  adding  or  deleting 
requirements,  changing  periodicity,  or  developing  material  condi- 
tion assessment  tests  and  procedures.) 

• Can  the  problem  be  reduced  or  eliminated  by  improving  the  system's 
integrated  logistic  support  (ILS)  at  the  ship's  force  level? 

• Can  the  problem  be  reduced  or  eliminated  by  improving  Intermediate 
Maintenance  Activity-  (IMA)  or  depot-level  capabilities? 

• Can  this  problem  be  reduced  or  eliminated  by  revising  the  existing 
maintenance  strategy? 

An  affirmative  answer  to  any  question  resulted  in  analysis  of  the 
effects  of  the  solution  and  in  an  estimate,  when  possible,  of  the  cost  to 
implement  the  solution.  A negative  answer  prompted  the  engineer  to  go  to 
the  next  question.  After  all  the  questions  concerning  an  individual  pro- 
blem were  asked,  the  alternative  solutions  were  evaluated  and  the  most 
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acceptable  alternatives  defined  and  documented  as  recommendations.  These 
recommended  solutions  to  identified  design  or  maintenance-related  problems 
were  then  considered  during  the  definition  of  the  maintenance  strategy. 

A further  series  of  implementation  recommendations  was  then  formulated  to 
accomplish  the  objectives  of  the  maintenance  strategy  selected  for  the 
engineered  operating  cycle  (EOC) . 


2.4  MAINTENANCE  PROGRAM  DEFINITION 

The  recommended  maintenance  program  stems  directly  from  the  subsystem 
and  equipment  maintenance  strategies  identified  by  the  analysis.  The  total 
maintenance  program  includes  both  the  scheduled  and  unscheduled  preventive 
maintenance  and  "engineered"  and  "qualified"  corrective  maintenance  required 
to  maintain  the  subsystems  and  equipments  at  acceptable  levels  of  material 
condition  and  availability  over  an  extended  operating  cycle.  Engineered 
corrective  maintenance  comprises  those  tasks  which  are  well  defined  and 
must  be  accomplished  periodically.  Qualified  tasks  are  those  nonspecific 
repairs  that  are  likely  to  be  required  but  cannot  be  characterized  precisely 
as  to  nature  and  frequency. 

In  development  of  the  implementation  recommendations,  the  results  of 
the  analysis  were  used  to  identify  specific  corrective  maintenance  tasks 
that  would  be  required  periodically.  Once  these  tasks  were  identified, 
the  frequency  of  accomplishment,  the  manpower  resources  required  for  ac- 
complishment, and  the  maintenance  level  required  to  perform  the  work  were 
determined  for  engineered  tasks.  Qualified  maintenance  tasks  were  also 
identified  on  the  basis  of  historical  data  to  reserve  blocks  of  man-hours 
at  specified  intervals  to  complete  required  but  nonspecific  Class  C 
repairs  on  the  subsystems  or  equipments  under  analysis. 

Where  appropriate,  additional  recommendations  were  developed  for 
improving  subsystem  or  equipment  reliability,  availability,  and  maintain- 
ability; logistic  support;  and  IMA-  or  depot-level  capabilities. 

The  steps  described  in  this  section  effectively  define  the  maintenance 
program  recommended  for  the  subsystems  and  equipments  identified  for  de- 
tailed analysis  in  this  ROE.  Recommendations  resulting  from  this  analysis 
will  be  used  to  develop  the  Class  Maintenance  Plan  (CMP) . 


CHAPTER  THREE 


RESULTS 


3.1  OVERVIEW 

This  chapter  presents  the  results  of  a System  Maintenance  Analysis  of 
selected  equipments  of  the  CG-26  Class  Gun  Fire  Control  Systems  (GFCS) 

(Ship  Work  Authorization  Boundary  (SWAB)  481] . Appendix  A provides  a 
block  diagram  showing  the  basic  component  relationships  for  this  SWAB. 
Subsections  of  the  chapter  describe  system  functions  and  component  rela- 
tionships, present  the  selection  criteria  for  SWAB  component  analysis,  and 
identify  maintenance  strategies  for  the  system  and  components  that  will 
reduce  or  eliminate  maintenance  problems  and  related  equipment  failures 
having  the  greatest  impact  on  the  system  maintenance  burden. 

CG-26  Class  ships  were  visited  to  confirm  the  results  of  the  analysis 
or  to  identify  other  problems  that  did  not  manifest  themselves  in  the 
analysis  of  the  maintenance  data. 

Four  SWAB  481  equipments  were  selected  for  analysis:  AN/SPG-53A 
Radar,  Mk  1 Mod  1 Radar  Signal  Processing  Equipment  (RSPE) , Mk  47  Mod  9 
Computer,  and  Mk  116  Mod  4 Computer.  These  equipments  were  selected  from 
the  Selected  Items  for  Analysis  Lists,  CG-1 6 and  CG-26  Classes  (ARINC 
Research  Publication  1653-06-TR-1875  dated  February  1979)  on  the  basis  of 
their  respective  contributions  to  the  total  class  maintenance  burden  as 
determined  by  their  individual  Maintenance  Burden  Factor  (MBF)  rankings. 
Three  categories  of  information  were  used  to  determine  this  ranking: 

(1)  the  ship's  force  and  Intermediate  Maintenance  Activity  (IMA)  corrective 
maintenance  man-hour  burden  (MBFcm)  reported  in  the  Maintenance  Data  System 
(MDS) , (2)  the  annual  Planned  Maintenance  System  (PMS)  man-hour  burden 
(MBFpm)  as  determined  from  equipment  Maintenance  Requirement  Cards  (MRCs) , 
and  (3)  the  average  number  of  man-days  required  for  equipment  repair  during 
Regular  Overhaul  (ROH)  as  reported  in  Class  Repair  Profiles.  A summary  of 
these  data  for  the  selected  (GFCS)  equipments  is  presented  in  Table  3-1, 
together  with  relative  corrective  and  preventive  maintenance  burden  rank- 
ings. SWAB  481  equipments  did  not  meet  the  criteria  for  inclusion  on  t s 
CG-16  Class,  Selected  Items  for  Analysis  List:  therefore,  no  CG-16  Class 
SWAB  481  analysis  or  recommendations  are  provided  in  this  report. 

The  major  GFCS  components  installed  aboard  the  CG-26  Class  ships  are 
common  or  similar  to  major  GFCS  components  installed  aboard  the  DDG-37 
Class  and  the  FF-1052  Class  ships.  Components  that  are  not  common  to  all 
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three  ship  classes  usually  differ  only  in  modification  (Mod)  number.  In 
all  cases  of  similar  components  in  the  three  classes,  the  FF-1052  Class 
carries  the  newest  Mod  and  the  DDG-37  Class  carries  the  oldest  Mod. 

The  MDS  component  burdens  were  compared  initially  by  using  the  infor- 
mation presented  in  the  MDS  Summary  of  Selected  SWAB  481  Components  (see 
Appendix  B) . The  comparisor  results  are  presented  by  ship  class  in  Table 
3-2.  This  comparison  showed  that  the  same  components  identified  on  the 
Selected  Items  for  Analysis  List  for  the  CG-26  Class  (AN/SPG-53A  Radar,  Mk 
47  Computer,  and  Mk  1 Mod  1 RSPE)  accounted,  respectively,  for  65.2  percent, 
63.1  percent,  and  59.8  percent  of  the  GFCS  ship's  force  man-hour  burden  for 
the  CG-26  Class,  DDG-37  Class,  and  FF-1052  Class.  Components  in  the  CG-26 
Class  generally  reflected  a higher  average  man-hour  component  burden  per 
ship  operating  year  than  their  counterparts  on  the  other  two  classes;  how- 
ever, the  CG-26  Class  components  exhibited  maintenance  burden  patterns 
similar  to  those  of  comparable  components  of  the  other  classes  of  ships. 

More  detailed  component  comparisons  are  presented  in  the  appropriate  com- 
ponent subsections. 

Each  component  identified  by  the  Selected  Items  for  Analysis  List  for 
the  CG-26  Class  is  discussed  in  a subsequent  section. 

3.2  GUN  FIRE  CONTROL  SYSTEM,  SWAB  481-1 

The  primary  purpose  of  the  GFCS  installed  aboard  a CG-26  Class  ship  is 
to  provide  gun  orders  to  the  ship's  3-inch,  50-caliber  gun  mounts  or  the 
ship's  5-inch,  54-caliber  gun  mounts  (or  both)  during  air  and  surface 
engagements.  The  system  may  also  be  utilized  as  a secondary  target- 
designation  source  by  other  components  of  the  ship's  weapons  system,  and 
as  an  aid  to  the  ship's  underwater  battery  fire  control  system  (UBFCS) . 

The  major  components  of  SWAB  481  are  shown  in  Table  3-3.  The  individual 
component  functions  are  discussed  in  appropriate  component  subsections. 

The  component  group  that  collectively  provides  gun  orders  to  the  5- 
inch,  54-caliber  gun  mounts  is  commonly  called  the  Mk  68  GFCS.  As  shown 
in  Table  3-3,  all  CG-26  Class  ships  have  a Mk  68  GFCS  with  a 5-inch,  54- 
caliber  gun  mount  and  two  3-inch,  50-caliber  mounts. 

Baseline  Overhaul  (BOH)  will  modify  the  present  GFCS  configuration 
by  removing  the  3-inch,  50-caliber  gun  mounts  and  the  associated  fire  con- 
trol components  from  the  CG-26  Class  ships  (see  Table  3-3,  3"  Guns) . For 
this  reason,  the  3- inch,  50-caliber  gun  mount  and  its  fire  control  com- 
ponents were  not  analyzed. 

The  Mk  68  Mod  8 GFCS  will  be  modified  to  a Mk  68  Mod  16  GFCS  during 
BOH  on  six  of  the  nine  CG-26  Class  ships  (CG-26,  -27,  -28,  -30,  -32,  and 
-33).  The  remaining  three  CG-26  Class  ships  will  be  modified  to  the  Mk  68 
Mod  16  during  the  first  Regular  Overhaul  (ROH)  after  BOH  (CG-29,  -31,  and 
-34) . Table  3-4  shows  the  major  component  changes  that  will  take  place 
with  the  installation  of  the  Mk  68  Mod  16  GFCS.  The  effect  of  these 
modifications  will  be  discussed  in  the  applicable  component  subsections. 
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Table  3-2. 

COMPARISON  OF 
DDG- 37  CLASS, 

SELECTED  Me  68  GFCS  COMPONENTS  FOR  THE  CG-26 
and  FF-1052  CLASS 

CLASS, 

Percent  of 

Average 

Total 

Percent  of 

Percent  of 

Percent  of 

Man-rHoura 

Nomenclature 

Ship's  Force 

Total  IMA 

Total  System 

Total  System 

Per  Ship 

Man-Hours 

Man-Hours 

Man-Hours 

Parts  Cost 

Operating 

Year 

CG-26 

Class 

AN/SPG-53A  Radar 

36.4 

20.3 

43.4 

302.3 

MX  47  Mod  9 Computer 

21.9 

10.1 

27.6 

181.3 

Mk  68  Mod  3 Gun 

12.6 

38.7 

14.6 

4.6 

125.6 

Director 

Mk  2 Nod  3 Director 

7.0 

5.4 

6.9 

4.6 

59.4 

Control  Drive 

Mk  1 Mod  1 RSPE 

6.9 

2.4 

6.5 

1.9 

56.2 

Mk  16  Mod  2 Stable 

4.3 

.8 

4.0 

8.1 

34.7 

Element 

Mk  75  Mod  1 Range- 

2.1 

4.6 

2.  3 

.9 

19.4 

finder 

Total 

91.2 

82.3 

90.6 

91.1 

DDG-37 

Class* 

AN/SPG-53A  Radar 

32.4 

6.8 

30.2 

50.8 

221.7 

Mk  47  Mod  7 Computer 

24.9 

7.3 

23.4 

26.4 

171.7 

Mk  68  Mod  2 Gun 

9.2 

20.6 

10.2 

3.2 

74.5 

Director 

Mk  16  Mod  1 Stable 

10.0 

3.9 

9.5 

9.6 

69.7 

Element 

Mk  2 Mod  2 Director 

5.6 

9.9 

5.9 

1.5 

43.8 

Control  Drive 

Mk  1 Mod  1 RSPE 

5.8 

.7 

5.4 

3.7 

39.5 

Mk  41  Mod  10  Range- 

.08 

38.7 

3.3 

.04 

201.5 

f inde  r 

Total 

87.9 

87.9 

87.9 

95.2 

FF-1052 

Class** 

AN/SPG-53A  Radar 

39.8 

11.6 

37.9 

49.1 

160.6 

Mk  47  Mod  10/11 

14.6 

10.5 

14.  3 

14.7 

60.7 

Computer 

Mk  68  Mod  3 Director 

12.9 

29.5 

14.1 

2.8 

59.9 

Mk  16  Mod  2 Stable 

5.0 

1.2 

4.8 

9.7 

20.1 

Element 

Mk  2 Mod  3 Director 

5.6 

10.1 

4.9 

11.4 

25.2 

Control  Drive 

Mk  1 Mod  1 RSPE 

5.4 

0 

4.0 

0.9 

21.3 

Mk  75  Rangefinder 

1.6 

14.2 

2.5 

1.6 

10.4 

Total 

84.9 

77.1 

82.5 

90.2 

‘Data  from  Table  3-1  of  System  Maintenance  Analysis,  DDG- 37  Class  Mk  6 8 Gun  Fire  Control  System, 
AR1NC  Research  Publication  1652-03-76-1R07,  September  1978. 

••Data  from  Table  3-1  of  System  Maintenance  Analysis,  FF-1052  Class  Mk  68  Gun  Fire  Control  System, 
ARINC  Research  Publication  1646-03-4-1585,  March  1477. 


Table  3-3.  CG-26  CLASS  SWAB  481  MAJOR  COMPONENTS 


Nomenclature 


Components 
per  Ship 


Gun 

System 


AN/SPG- 53A/F  Radar  Set 
Mk  47  Mod  9 Computer 
Mk  116  Mod  4 Ballistic  Computer 
Mk  68  Mod  3 Gun  Director 
Mk  16  Mod  2 Stable  Element 
Mk  2 Mod  3 Dynamic  Tester 
Mk  7 Mod  1 Error  Recorder 
Mk  14  Mods  5/8  F.C.  Switchboard 


Mk  32  Mod  2 Relay  Transmitter 
Mk  51  Mod  3 Gun  Director 


Table 

3-4.  MOD  16  CONFIGURATION  CHANGES 

Major 

Mk  68  Mod  8/All 

Mk  68  Mod  16 

Components 

(Present) 

(BOH/Subsequent  ROH) 

Radar  Set 

AN/SPG-53A 

AN/SPG- 5 3F 

Computer 

Mk  47  Mod  9 

Mk  160  Mod  1 

Director 

Mk  68  Mod  3 

Mk  68  Mod  9 

Stable  Element 

Mk  16  Mod  2 

Mk  16  Mod  11 

Dynamic  Tester 

Mk  2 Mod  3 

— 

Error  Recorder 

Mk  7 Mod  0/1 

Mk  12  Mod  1 

Switchboard 

Mk  14  Mod  8 

Mk  14  Mod  18 

1 


For  this  analysis,  the  Mk  1 Mod  1 RSPE  and  the  AN/SPG-53A  Radar 
(Subsection  3.2.1)  will  be  discussed  as  one  component  because  of  their 
close  functional  relationship,  as  will  be  the  Mk  47  Mod  9 Computer  and 
the  Mk  116  Mod  4 Ballistic  Computer  (Subsection  3.2.2).  The  AN/SPG-53A 
Radar  Set  and  the  Mk  47  Mod  9 Computer  are  discussed  in  subsequent  sub- 
sections because  they  appear  on  the  CG-26  Class  Selected  Items  for  Anal- 
ysis List  and  they  collectively  account  for  65.2  percent  of  the  CG-26 
Class  Mk  68  GFCS  ship's  force  man-hours  over  the  MDS  data  period  observed 
(see  Table  3-2) . 


A detailed  comparative  analysis,  and  maintenance  analysis  with  appro- 
priate recommendations  for  each  component  analyzed,  follows. 
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3-2-l  AN/SPG- 5 3A  Radar  Set  (APL  56995306)  and  Mk  1 Mod  1 Radar  Signal 
Processing  Equipment  (APL  78640113) 

3. 2. 1.1  Background 

The  Mk  68  GFCS  directs  the  aiming  and  firing  of  the  5- inch,  54-caliber 
gun  by  using  information  supplied  by  the  AN/SPG-53A  Radar  Set,  the  Mk  68 
Gun  Director,  and  the  Mk  47  Computer.  The  primary  purpose  of  the  Radar 
Set  is  to  supply  range  data  to  the  computer,  and  bearing  and  elevation 
error  voltages  to  the  Mk  76  Amplifier  (a  subcomponent  of  the  Mk  68  Gun 
Director) . This  information  is  ultimately  combined  with  other  shipboard 
data  to  produce  orders  that  position  the  gun  mount. 

The  radar  set  consists  of  the  following  eleven  major  units  (Units  11 
and  12  are  not  intrinsic  to  the  radar) : 


Unit 

Number 


Description 


Antenna  Assembly 

Motor  Assembly 

Receiver-Transmitter 

Power  Supply  Group 

High  Voltage  Power  Supply 

Console , Radar  Set 

Foot  Switch 

Control  Amplifier 

Foot  Switch 

Blower 

Radar  Signal  Processing  Equipment 
(RSPE)  (APL  78650113) 


OrdAlt  4480,  which  added  the  RSPE  to  the  AN/SPG- 5 3A  Radar  Set,  provides 
the  Radar  Set  with  a rapid  automatic  range  and  angle  acquisition  facility 
and  significantly  improves  the  radar  performance  in  a jamming  or  counter- 
measures environment. 

The  AN/SPG- 53A  Radar  Set  is  scheduled  for  modification  to  an  AN/SPG- 
53F  (APL  56995320)  Radar  Set  before  or  during  BOH.  At  the  present  time, 
the  AN/SPG- 53F  Radar  Set  is  installed  on  eight  of  the  nine  CG-26  Class 
ships;  by  FY  1980  it  will  be  installed  on  CG-34. 

Installation  of  ShipAlt  CG-26-0442K  — with  block  OrdAlt  8709,  con- 
sisting of  OrdAlts  6894,  6973,  7672,  and  8192  — converts  the  AN/SPG- 5 3A 
Radar  to  the  AN/SPG-53F  Radar.  This  ShipAlt  is  designed  to  increase  the 
maintainability  and  reliability  of  Unit  6 by  replacing  one  subunit  and 
adding  two  new  subunits.  Table  3-5  shows  specific  differences  resulting 
from  installation  of  ShipAlt  CG-26-0442K. 
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OrdAlt 

Number 


Table  3-5.  SHIPALT  CG-26-0442K 


OrdAlt 

Number 

Description 

Unit/ 

Subunit 

8709 

OrdAlts  6894,  6973,  7672  and  8192 

6 

6894 

Replaces  Range  Computer  CP-449/SPG-53A 

6A 

with  digital  Range  Computer  Mk  154  Mod  0 

6973 

Provides  radar  with  a target  signal  generator 

6E 

7672 

Provides  radar  with  an  angle  error  indicator 

6D 

8192 

Installs  fan  in  Unit  6G 

6G 

— - 

Installs  Ready  Spares  Cabinet  Mk  6 Mod  0 

With  the  exceptions  noted  above,  the  AN/SPG-53F  Radar  Set  will  basically 
comprise  the  same  parts  and  perform  the  same  functions  as  the  AN/SPG-53A 
Radar  Set.  Therefore,  the  unchanged  units  in  the  AN/SPG-53F  Radar  Set  are 
expected  to  show  maintenance  patterns  very  similar  to  those  previously 
experienced  with  the  AN/SPG-53A  Radar  Set. 

In  addition  to  the  AN/SPG-53F  modification,  the  installation  of  the 
Mk  68  Mod  16  GFCS  will  remove  the  RSPE  (Unit  12)  and  replace  it  with  a 
solid-state  video  processor.  The  video  processor  will  perform  the  same 
function  as  the  RSPE,  but  it  will  be  installed  as  an  integral  part  of 
Unit  6,  the  radar  set  console  (OrdAlt  8949-W0213,  GFCS  Mk  68  Baseline  IE). 

Fleet  personnel  and  maintenance  school  instructors  report  that  correc- 
tive maintenance  time  is  greatly  reduced  and  alignments  of  the  equipment 
are  easier  and  less  time-consuming  with  this  OrdAlt  installed  because  the 
video  processor  is  solid-state  and  physically  part  of  the  radar  set.  Pre- 
viously, the  RSPE  was  seated  in  the  gun  director. 

The  other  significant  change  to  the  radar  set  during  the  Mk  68  Mod  16 
installation  will  be  the  removal  of  the  AS-51S  Scanner  Assembly  (Subunit  1A) 
and  the  installation  of  the  Mk  38  Electronic  Scanner  (OrdAlt  6920,  modified 
by  OrdAlt  9214) . 

Although  the  AN/SPG- 5 3F  Radar  Set  will  be  installed  on  all  CG-26  Class 
ships  before  or  during  BOH,  only  those  ships  with  the  Mk  68  Mod  16  GFCS 
installed  are  scheduled  to  receive  the  solid-state  video  processor  and  the 
Mk  38  Electronic  Scanner  Assembly.  NAVSEA  0432  technical  personnel  dis- 
closed that  all  AS-515  Scanner  Assemblies  will  eventually  be  replaced  by 
Mk  38  Electronic  Scanners  through  normal  attrition.  The  new  scanner  assem- 
bly is  expected  to  be  easier  to  maintain  and  to  require  fewer  corrective 
maintenance  man-hours  than  the  AS-51S  Scanner  Assemblies.  For  this  analy- 
sis, it  is  assumed  that  the  new  Mk  38  Electronic  Scanners  will  not  be 
available  during  BOH  to  those  CG-26  Class  Ships  which  will  retain  their 
present  GFCS  configuration  until  a subsequent  ROH.  Therefore,  recommenda- 
tions made  in  this  subsection  are  categorized  as  (1)  CG-26  Class  ships 
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receiving  the  Mk  68  Mod  16  GFCS  during  BOH  (CG-26,  -27,  -28,  -30,  -32,  and 
-33);  (2)  CG-26  Class  ships  receiving  the  Mk  68  Mod  16  GFCS  during  a sub- 
sequent ROH  (CG-29,  -31,  and  -34);  or  (3)  all  CG-26  Class  ships. 

3. 2. 1.2  Comparative  Analysis 

This  subsection  compares  and  contrasts  the  maintenance  experience  of 
the  CG-26  Class  AN/SPG-53A  Radar  Sets  (including  the  Mk  1 Mod  1 RSPE)  with 
that  of  similar  radar  sets  installed  aboard  DDG-37  Class  and  FF-1052  Class 
ships  by  comparing  the  reported  MDS  man-hour  burdens  for  the  AN/SPG-53A 
Radar  Sets,  the  reported  parts  usage  data  on  the  radar  sets,  and  the  CASREP 
rate  and  cause  for  radar  sets  of  the  three  ship  classes.  If  these  three 
parameters  are  similar  among  the  ship  classes  compared,  the  maintenance 
experience  of  the  CG-26  Class  AN/SPG-53A  Radar  Sets  can  be  considered 
similar  to  that  of  the  DDG-37  Class  and  FF-1052  Class  AN /SPG- 5 3A  Radar 
Sets.  Apparent  differences  in  any  one  of  these  parameters  will  be  examined 
in  the  following  subsections. 

MDS  Man-Hour  Burden  Comparison 

An  initial  comparison  of  the  reported  MDS  data  on  the  Mk  68  GFCS 
among  three  ship  classes  showed  that  the  AN/SPG-53A  Radar  Set  (including 
the  Mk  1 Mod  1 RSPE)  was  responsible  for  38.2  percent  to  45.2  percent  of 
the  system  ship's  force  man-hours.  This  system- level  comparison  also 
showed  that  the  CG-26  Class  AN/SPG-53A  Radar  Sets  were  responsible  for  a 
significantly  greater  proportion  of  the  system’s  IMA  man-hours  than  the 
DDG-37  Class  and  the  FF-1052  Class  radar  sets  (see  Table  3-2). 

Further  comparisons  of  the  average  number  of  reported  ship's  force 
man-hours  and  IMA  man-hours  reported  per  ship  operating  year  for  the  radar 
sets  and  RSPE  showed  that  the  CG-26  Class  reported  a significantly  greater 
number  of  both  ship's  force  man-hours  and  IMA  man-hours  per  ship  operating 
year  than  either  the  DDG-37  Class  or  the  FF-1052  Class  ships,  as  shown  in 
Table  3-6.  Table  3-6  also  shows  that  the  CG-26  Class  ships  have  experienced 
a greater  number  of  average  ship  operating  years  than  the  other  two  ship 
classes  examined.  These  data  indicate  that  either  CG-26  Class  ships  are 
performing  more  radar  set  corrective  maintenance  on  a regular  basis  than 
the  other  ship  classes  or  equipment  deterioration  is  increasing  as  time 
out  of  overhaul  is  increasing,  necessitating  more  corrective  maintenance 
as  a function  of  time.  These  possibilities  and  the  reasons  for  the  greater 
CG-26  Class  corrective  maintenance  man-hour  burdens  are  examined  in  Sub- 
sections 3. 2. 1.4  and  3. 2. 1.5. 

Parts  Usage  Comparison 

Parts  usage  for  the  AN/SPG- 5 3A  Radar  Set  and  Mk  1 Mod  1 RSPE  was  com- 
pared by  using  only  those  parts  considered  to  be  significant  in  terms  of 
their  ratio  of  replacements  to  total  part  population,  or  their  individual 
cost.  Appendix  C summarizes  the  significant  parts  used  for  the  AN/SPG-53A 
Radar  Set  and  the  Mk  1 Mod  RSPE  installed  aboard  CG-26  Class  ships  during 
the  MDS  data  period.  This  appendix  also  identifies  the  subunit  or  circuit 
use  most  often  reported  through  the  MDS  narratives  for  each  significant  part. 
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When  significant  parts  of  the  CG-26  Class  radar  sets  and  the  RSPE 
were  compared  with  parts  identified  as  significant  for  the  DDG-37  Class 
and  the  FF-1052  Class  ships,  it  was  found  that  approximately  36  percent 
of  the  CG-26  Class  AN/SPG-53A  Radar  Set  parts  had  been  previously  identified 
during  both  the  DDG-37  Class  and  the  FF-1052  Class  GFCS  analyses.  Approx- 
imately 78  percent  of  the  CG-26  Class  RSPE  significant  parts  were  also 
identified  in  the  DDG-37  Class  GFCS  analysis  (see  Appendix  C) . 

The  Radar  Set  and  RSPE  significant  parts  were  also  examined  to  deter- 
mine which  of  the  11  major  units  most  often  required  repair.  It  was 
assumed  that  a part  replacement  indicated  a repair  action.  Table  3-7 
summarizes  the  repairs  to  the  major  units  of  the  radar  and  the  RSPE  for 
CG-26  Class  ships. 

For  the  CG-26  Class  and  the  DDG-37  Class  ships,  units  3 and  6 collect- 
ively accounted  for  approximately  63.2  percent  and  62.8  percent,  respec- 
tively, of  the  significant  parts  repairs.  Although  a different  method  was 
used  to  define  radar  unit  repairs  in  the  FF-1052  Class  GFCS  analysis, 
units  3 and  6 accounted  for  66.6  percent  of  the  radar  set  repairs  for  the 
FF-1052  Class  (data  from  Table  3-2  of  the  FF-1052  Class  Mk  68  GFCS  SMA) . 

These  parts  usage  data  indicate  similar  corrective  maintenance  experi- 
ence for  the  three  ship  classes  examined. 


Table  3-7.  AN/' SPG- 5 3A  UNIT  REPAIRS 


Unit 

Number 

Unit  Nomenclature 

DDC-37  Class* 

CG-26  Class 

Number 
of  Re  'airs 

Rank 

Number 
of  Re  >airs 

Rank 

1 

Antenna  Assembly 

68 

7 

46 

7 

3 

Rcce i ver-Transmitter 

1594 

2 

1231 

2 

4 

Power  Supply  Group 

1096 

3 

720 

3 

5 

High  Voltage  Power 
Supply 

515 

4 

287 

6 

6 

Console  - Radar  Set 

1655 

1 

1707 

1 

9 

Control  Amplifier 

126 

5 

288 

5 

11 

Blower 

0 

3 

8 

12 

Radar  Signal  Processing 
Equipment 

88 

6 

394 

4 

Unit  Total 

5142 

4676 

*Data  from  Table  3-3  of  the  DDG-37  class  Mk  68  Gun  Fire  Control  System  SMA. 
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CAS REP  Comparison 

CAS REP s for  the  AN/SPG- 5 3A  Radar  Set  and  the  Mk  1 Mod  1 RSPE  were 
compared  by  ship  class  to  determine  if  the  types  of  critical  failures 
experienced  by  the  radar  were  similar  on  the  different  classes  of  ships. 
Table  3-8  summarizes  the  available  CASREP  data  on  the  CG-26  Class,  DDG-37 
Class,  and  FF-1052  Class  ships. 


fable  M.  iuww  am/sps-ma  saoa*  and  m i wc>  l asu 


CASREPe  Reported 
ODG-97  claea 


CU«H  Reported 
rr-iosj  dees 


la)  s»e»«tioo 

<b)  Arc  u* it 

ic I <ey« i Or  Ivor 

(d)  Siqh  Vo  It  see  Roa 

le)  Local  Oecilletor 

lf)  l.r.  Preamplifier 
(9)  Heaible  Have* aids 
(hi  T-S  Tube 

U)  Crystals 

())  Pulse  modulator 

It)  Other 


(a)  Transfoi 

(b)  Other 


» Ni<jh  volt  eye  Power  Supply 
(a)  Power  Supply 
lb*  Thyratron 

(c)  Thyratron 

(d)  Other 


Usit  9 Console,  heder  set 

(a)  Ranps  Geer  Unit 

(b)  Transducer 
(cl  Synchro 

(4)  Synchroniser 

(e)  Potent  lew  ter 

If)  Trent forms r 

(9>  Ceil  (Rader  toceiver ) 

(M  Raley 

ID  Sense  oo^uter 


Rader  Sl«nel  Processing  equipment 


R«Rif  of  ships  in  dess 
CMStP  date  period 

Cleee  Ship  Cperatin*  Veers  (SOY)  dunne  date  period 
Avar e«e  Ship  Operetin«  Veers  per  Ship 
CASREP*  per  Ship  operating  veer 
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The  CG-26  Class  failure  experience  is  similar  to  that  of  the  DDG-37 
Class  and  the  FF-1052  Class  ships.  The  rates  of  CASREP  submissions  against 
the  radars  for  the  three  classes  of  ships  examined  were  nearly  the  same, 
as  shown  in  Table  3-8.  These  CASREPs-per-ship-operating-year  figures  were 
determined  by  dividing  the  class  CASREP  total  by  the  total  class  ship 
operating  years  during  the  data  period. 

CG-26  Class  radar  set  units  3 and  6 were  responsible  for  approximately 
65  percent  of  the  total  radar  set  CASREPs,  while  the  DDG-37  Class  and  the 
FF-1052  Class  radar  set  units  3 and  6 accounted  for  42  percent  and  44  per- 
cent, respectively,  of  the  total  class  radar  set  CASREPs.  The  greater 
number  of  average  ship  operating  years  for  the  CG-26  Class  ships  may  account 
for  this  difference.  This  possibility  is  examined  in  Subsection  3. 2. 1.4. 

Comparative  Analysis  Results 

In  summary,  this  comparative  analysis  subsection  has  shown  the 
following . 

• The  CG-26  Class  reported  a significantly  greater  number  of  both 
ship's  force  man-hours  and  IMA  man-hours  per  ship  operating  year 
for  the  radar  set  and  RSPE  than  either  the  DDG-37  Class  or  the 
FF-1052  Class  ships. 

• CG-26  Class  radar  sets  were  responsible  for  a significantly  greater 
portion  of  the  individual  class  Mk  68  GFCS  IMA  man-hours  than  the 
DDG-37  Class  and  the  FF-1052  Class  radar  sets. 

• MDS  data  revealed  a high  parts-usage  correlation  for  the  three 
ship  classes  examined  (AN/SPG-53A  Radar  Set  and  Mk  1 Mod  1 RSPE). 

• Radar  Set  units  3 and  6 collectively  accounted  for  62.8  percent 
to  66.6  percent  of  the  radar  set  significant  part  repairs  for  the 
three  ship  classes  compared. 

• The  rates  of  CASREP  submissions  against  the  radar  sets  were  nearly 
the  same  for  the  three  ship  classes  examined. 

• CG-26  Class  radar  set  units  3 and  6 were  responsible  for  approxi- 
mately 55  percent  of  the  total  radar  set  CASREPs,  while  the  DDG-37 
Class  and  the  FF-1052  Class  radar  set  units  3 and  6 accounted 

for  approximately  42  percent  and  44  percent,  respectively,  of  the 
total  class  radar  set  CASREPs. 

The  parts-usage  and  CASREP  comparisons  indicate  that  the  maintenance 
experience  of  the  CG-26  Class  AN/SPG- 5 3A  Radar  Sets  is  very  similar  to  that 
of  the  DDG-37  and  the  FF-1052  Class  radar  sets.  However,  the  MDS  man-hour 
conparisons  indicate  that  the  CG-26  Class  maintenance  experience  might 
differ  from  that  of  the  DDG-37  and  the  FF-1052  Radar  Sets.  These  incon- 
sistencies are  examined  in  Subsections  3.2. 1.4  and  3. 2. 1.5. 

3.2.1. 3 MDS  Data  Summary 

The  available  MDS  data  were  examined  to  determine  what  percentage  of 
AN/SPG- 5 3A  Radar  Set  and  Mk  1 Mod  1 RSPE  maintenance  has  historically  been 
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accomplished  by  ship's  force  and  to  determine  the  major  reasons  for 
unscheduled  maintenance.  Tables  3-9  through  3-14  summarize  the  available 
MDS  data.  The  following  facts  are  taken  from  those  data: 


• Approximately  25.8  percent  of  the  radar  JCNs  and  22.2  percent  of 
the  RSPE  JCNs  were  parts-only  transactions. 

• Approximately  87.4  percent  of  the  radar  JCNs  with  man-hours  reported 
and  83.7  percent  of  the  RSPE  JCNs  with  man-hours  reported  were  com- 
pleted by  ship's  force  in  10  man-hours  or  less. 

• IMA  transactions  constituted  approximately  1.4  percent  of  the  radar 
JCNs  requiring  maintenance  and  1.7  percent  of  the  RSPE  JCNs  requir- 
ing maintenance. 

• Normal  wear  and  tear  was  the  reported  cause  of  approximately  79.5 
percent  of  the  deferred  and  nondeferred  RSPE  JCNs. 

• Approximately  92.9  percent  of  the  nondeferred  radar  JCNs  and  92.6 
percent  of  the  nondeferred  RSPE  JCNs  required  supply  parts  for 
completion. 

• Approximately  76.4  percent  of  the  deferred  radar  JCNs  and  45.5 
percent  of  the  deferred  RSPE  JCNs  were  generated  because  of  a lack 
of  material  (parts) . 

• Approximately  82.6  percent  of  the  deferred  radar  JCNs  and  77.9 
percent  of  the  deferred  RSPE  JCNs  were  completed  by  ship's  force. 

The  major  conclusion  drawn  from  these  MDS  data  is  that  ship's  force  is 
capable  of  accomplishing  most  radar  set  and  RSPE  repairs  without  outside 
assistance  if  the  needed  parts  are  available.  Conversations  with  ship's 
force  personnel  further  substantiated  these  findings. 


3.2. 1.4 


's  Force  Maintenance 


This  subsection  examines  the  ship's  force  corrective  maintenance 
patterns  in  order  to  identify  equipment  deterioration,  the  reason  for  the 
high  average  man-hours  per  ship  operating  year  reported  by  the  CC-26  Class 
ships,  and  any  periodic  unscheduled  maintenance  actions  that  are  applicable 
to  the  entire  class. 

Maintenance  Patterns 


To  identify  those  intracycle  periods  of  increased  or  rising  ship's 
force  corrective  maintenance  (deterioration  of  equipment) , the  MDS  number 
of  reported  ship's  force  man-hours  per  quarter  after  overhaul  for  each 
CG-26  Class  ship  and  for  the  entire  class  were  examined.  The  number  of 
job  initiations  (JCNs)  per  quarter  after  overhaul  and  the  number  of  radar 
set  APL  parts  used  per  quarter  after  overhaul  were  also  examined  in  the 
same  manner.  These  data  did  not  show  any  periodic  or  constant  class 
deterioration  of  the  radar  set;  but  they  did  show  that  ship's  force  mainte- 
nance patterns  were  the  result  of  the  ship's  schedule  rather  than  the 
condition  of  the  radar  set.  For  every  ship  in  the  class,  the  amount  of 
maintenance  (ship's  force  man-hours,  JCNs,  and  APL  parts  used)  increased 
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Table  3-9.  MDS  SUMMARY  FOR  AN/SPG- 5 3A  RADAR  SET  (APL  56995306) 

(Total  JCNs  • 3,266*;  Parts-Only  Transactions  » 841  or  25.8  percent  of  total  JCNs) 


Man-Hour 

Distribution 

Type  of  JCN 

Ship 

Man-Hours 

Percentage  of 
Total  JCNs 
with  Man-Hours 

Number  of 
Transactions 

Ship's 

0-4 

70.3 

1694 

Force 

5-10 

71.1 

412 

JCNs 

11-25 

7.5 

181 

IMA 

IMA 

Man-Hours 

Percentage  of 
Total  IMA 

JCNs 

JCNs 

0-10 

51.4 

18 

11-20 

20.0 

7 

21-30 

20.0 

7 

Transactions  with  Reported 

Man-Hours 

Percentage  of 
Total  JCNs 

1,083* 

75.8 

•Total  number  includes  transactions  that  did  not  require  any  man 

-hours  or  parts. 

Table  3-10.  MDS  SUMMARY  FOR  AN/SPG- 5 3A  RADAR  SET  (APL  56995306) 

SUMMARY  OF  NONDEFERRED  JCNs 

l— 

(Total  JCNs  = 3,266*;  Parts-Only  Transactions  * 841  or  25.8  percent  of  Total  JCNs) 

. 

Data  Item 

Percentage  of 
Total  Nondeferred 

Number  of 

1 

JCNs 

Transactions 

Reported  Cause 

| | 

Normal  wear  and  tear 

86.7 

1448 

Unknown 

6.8 

114 

Manufacturer/installation  defects 

2.4 

40 

Abnormal  environment 

1.4 

23 

When  Discovered 

Normal  operation 

45.3 

757 

r ] 

During  PMS 

18.6 

310 

During  inspection 

13.8 

230 

l — I 

Lighting  Off  or  starting 

12.5 

208 

Operational  Status 

Reduced  Capability 

39.9 

666 

Operational 

27.8 

465 

Nonope  rational 

26.5 

442 

Action  Taken 

| — 

Completed  with  supply  parts 

92.9 

1552 

Unknown /other 

2.8 

46 

Completed  (no  parts  used) 

1.7 

29 

j j 

Percentage  of 

LJ 

Nondeferred  JCNs 

Total  JCNs 

5l>1 

1670* 

■Total  number  includes  transactions  that  did  not  require  any  man-hours  or  parts. 

4 -j 

N OS  SUMMARY  FOR  AN/SI*G-b3A  HAD  AH  SET  (APL  \b%9b  306 
SUMMARY  OF  DEI  ERRED  JCNa 


(Total  JCNa  • ),266*»  Parta-Only  Ti  anaact  Ions  * H41  or  2b. B percent  of  Total  JCNa) 


Pe leant age  of 
Total  Deferred 
iKMl 


'Total  number  inchulox  transact  ion*  that  did  not  require  any  atan-houra  or  part* 


MDS  SUMMARY  FOR  MK  l MOD  1 RSPK  (API.  78640113) 


(Total  JON*  • 388*  j Patts-only  Tt  .uis.tct  ion*  • 8(<  01  22.2  percent  of  Total  JCNa) 


Numbet  of 
Tt  anaact tons 


Ship*  a 
Fore# 
JCNa 


IMA 

Man-Hour* 


Percentage  of 
Total  JCNa 


Tranaactiona  with  Raportad  Man-Hours 


•Total  number  includaa  tranaactiona  that  did  not  require  any  man-hours  or  part a 


Ht* potted  Cause 

Noimal  wear  and  teat 

63.4 

Unknown 

2b. H 

Manufacturer/Inst al lat ion  defect* 

4.6 

Inadequate  mat  ruct lon/procedure 

2.b 

Deferral  Reason 

Lack  of  matetial 

76.4 

Lack  of  facl 1 it  lea,  capabi 1 it les 

9.  3 

Unknown 

7 . 8 

Work  backloq/oper at  tonal  priority 

b.  2 

Action  Taken  (Ship's  Force) 

Completed  with  supply  parts 

67.  3 

Other 

6.4 

Completed  (no  parts  used) 

4.8 

Action  Taken  (IMA) 

Completed  with  supply  parts 

2.4 

Completed  (no  parts  used) 

1.2 

Typo  Aval labl 1 it y 

Ship's  Fotce 

82.6 

Depot 

6.  ** 

Unknown 

6 . b 

IMA 

2.8 

Percentage  of 

Deferred  JCNa 

Total  JCN* 

23.1 

Man-Hour 

Dist i ibut ion 

Ship 

Man-Hour s 

Percentage  of 
Total  JCNa 
with  Man-Hours 

Table  3-13.  MDS  SUMMARY  FOR  MK  1 MOD  1 RSPE  (APL  78640113) 

SUMMARY  OF  NONDEFERRED  JCNs 

(Total  JCNs  ■ 388* » Parts-Only  Transactions  * 86  or  22.2  percent  of  Total  JCNs) 

Data  Item 

Percentage  of 

Total  Nondeferred 

JCNs 

Number  of 
Transactions 

Reported  Cause 

Normal  wear  and  tear 

87.8 

130 

Unknown 

4.1 

6 

Manufacturer/installation  defects 

2.7 

4 

Abnormal  environment 

2.0 

3 

When  Discovered 

Normal  operation 

39.2 

58 

During  PMS 

24.3 

36 

During  inspection 

11.5 

17 

Lighting  Off  or  starting 

8.1 

12 

Operational  Status 

Reduced  Capability 

36.5 

54 

Operational 

18.2 

27 

Nonoperational 

41.9 

62 

Action  Taken 

Completed  with  supply  parts 

92.6 

137 

Unknown/othe  r 

1.4 

2 

Completed  (no  parts  used) 

3.4 

5 

Nondeferred  JCNs 

Percentage  of 

Total  JCNs 

38.1 

148* 

♦Total  number  includes  transactions  that  did  not  require  any  man-hours  or  parts 


Table  3-14 . MDS  SUMMARY  FOR  MK  1 MOD  1 RSPE  (APL  78640113) 
SUMMARY  OF  DEFERRED  JCNs 


(Total  JCNs  - 388*;  Parts-Only  Transactions  - 86  or  22.2  percent  of  Total  JCNs) 


Data  Item 


Percentage  of 
Total  Deferred 
JCNs 


Number  of 
Transactions 


Reported  Cause 


Normal  wear  and  tear 
Unknown 

Manufacturer/installation  defects 
Inadequate  instruction/procedure 

Deferral  Reason 


36.4 

52.6 

1.9 

7.1 


56 

81 

3 

11 


Lack  of  material 

Lack  of  facilities/capabilities 

Unknown 

Work  backlog/operational  priority 


45.5 

12.3 

10.4 

30.5 


70 

19 

16 

47 


Action  Taken  (Ship's  Force) 

Completed  with  supply  parts 
Other 

Completed  (no  parts  used) 


30.5 

18.8 

24.7 


47 

29 

38 


Action  Taken  (IMA) 


Completed  with  supply  parts 
Completed  (no  parts  used) 


1.9 

1.3 


3 

2 


Type  Availability 


Ship's  Force 
Depot 
Unknown 
IMA 


Deferred  JCNs 


77.9 

6.5 
9.7 

2.6 


Percentage  of 
Total  JCNs 


39.7 


120 

11 

15 

4 


154 


*Total  number  includes  transactions  that  did  not  require  any  man-hours  or  parts 
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before  major  deployments  and  before  overhauls,  and  slightly  decreased 
during  major  deployments  from  the  average  maintenance  level  for  individual 
ships.  The  differences  in  the  individual  ship  maintenance  levels  appear 
to  be  caused  primarily  by  nonstandard  or  sporadic  reporting  procedures  of 
a given  ship. 

Manning  Levels 

The  CG-26  Class  ships  reported  a much  greater  number  of  radar  set 
corrective  maintenance  man-hours  per  ship  operating  year  than  the  other 
two  classes  examined,  while  the  radar  set  APL  parts  comparison  and  CASREP 
experience  comparison  indicated  that  the  maintenance  experiences  of  the 
radar  sets  were  similar  (see  Subsection  3. 2. 1.2,  Comparative  Analysis). 

A review  of  MDS  narratives,  available  SARPs,  and  PMS  requirements  again  did 
not  indicate  that  the  CG-26  Class  radar  set  maintenance  experience  was 
different  from  that  of  the  DDG-37  and  FF-1052  Class  radar  sets. 

Conversations  with  the  Manning  Control  Authority  (Navy)  personnel 
indicated  that  CG-26  Class  ships  currently  have  an  NMP  allowance  of  11  Fire 
Control  Technicians,  Guns  (FTG)  and  that  the  DDG-37  Class  and  the  FF-1052 
Class  ships  currently  have  NMP  allowances  of  nine  and  seven  FTGs , respec- 
tively. Although  NMP  allowances  change  continually  because  of  Type  Com- 
manders' requirements,  equipment  changes,  and  rate  criticality,  it  can  be 
assumed  that  CG-26  Class  ships  have  always  had  a greater  NMP  allowance  for 
FTGs  than  DDG-37  and  FF-1052  Class  ships.  It  is  also  assumed  that  PMS  is 
always  completed  and  that  all  critical  equipment  failures  (failures  causing 
CASREP)  are  repaired  as  soon  as  possible  on  all  three  ship  classes  examined. 
Comparative  analysis  has  shown  that  the  parts  replacement  histories  and  the 
equipment  failure  experiences  for  these  three  ship  classes  are  similar; 
that  is,  the  same  types  of  repairs  are  being  accomplished.  Therefore,  it 
is  concluded  that  the  CG-26  Class  ships  are  performing  more  of  the  non- 
critical  repairs  (needed  repairs  that  would  not  immediately  or  would  never 
cause  a CASREP  if  left  undone,  e.g. , minor  repairs  such  as  equipment 
alignments  or  collimation,  or  repairs  to  monitoring  or  backup  equipment) 
than  the  DDG-37  and  the  FF-1052  Class  ships  because  these  ships  have  more 
personnel.  In  other  words,  the  greater  number  of  average  man-hours  per 
ship  operating  year  reported  for  the  CG-26  Class  radar  sets  does  not 
necessarily  indicate  a difference  in  the  CG-26  Class  radar  set  maintenance 
experience.  It  is  therefore  concluded  that  there  are  no  radar  set  mainte- 
nance actions  that  are  unique  to  the  CG-26  Class  ships.  The  CG-26  Class 
radar  set  technicians  are  performing  more  of  the  same  types  of  maintenance 
that  are  being  performed  on  the  DDG-37  Class  and  the  FF-1052  Class  ships; 
hence,  CG-26  Class  ships  are  reporting  more  man-hours  per  ship  operating 
year  than  the  other  classes  examined. 

3. 2. 1.5  IMA  Maintenance 

The  MDS  narratives  for  the  deferred  radar  actions  requiring  outside 
assistance  for  completion  were  examined  to  identify  any  maintenance  prob- 
lems that  would  regularly  require  an  intermediate  maintenance  activity. 

The  calibration  of  test  equipment  and  the  lack  of  test  equipment  were  the 
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only  deferred  actions  reported  more  than  once  against  the  radar.  The 
principal  problem  associated  with  the  electronic  test  equipment  is  not 
having  access  to  a calibration  or  repair  facility  when  one  is  needed. 

The  calibration  and  repair  of  test  equipment  will  be  addressed  in  the 
recently  initiated  Metrology  Automated  System  for  Uniform  Recall  and 
Reporting  (MEASURE)  Program.  This  data  processing  program  is  designed  to 
provide  participating  activities  with  a standardized  system  for  the  recall 
and  scheduling  of  Test,  Measurement,  and  Diagnostic  Equipment  (TMDE)  into 
calibration  facilities,  and  documentation  of  the  data  pertaining  to  cali- 
bration and  repair  actions  performed  by  these  facilities.  All  of  the  CG-26 
Class  ships  will  have  implemented  MEASURE  before  entering  DDEOC. 

CG-26  Class  differences  in  the  IMA  maintenance  experience  could  not 
be  verified,  because  the  IMA  transactions  with  reported  causes  (narratives) 
other  than  those  mentioned  above  were  few  and  random  in  nature. 

3. 2. 1.6  Depot-Level  Maintenance 

One  CG-26  Class  ship  (CG-30)  has  been  operational  for  more  than  five 
years  between  overhauls.  When  the  radar  set  maintenance  level  (ship’s 
force  man-hours  reported,  JCNs  initiated,  and  APL  parts  used  per-quarter 
after  overhaul)  for  this  ship  was  examined,  it  was  evident  that  the  amount 
of  radar  set  maintenance  accomplished  each  year  after  overhaul  did  not 
change  significantly  over  the  data  period  observed;  in  other  words,  equip- 
ment deterioration  was  not  evident  (also  see  Maintenance  Patterns  portion 
of  Subsection  3. 2. 1.4). 

A review  of  the  CG-26  Class  SARP  Summary  showed  that  four  of  five  ship 
AN/SPG-53A  Radar  Sets  (includes  Mk  1 Mod  1 RSPE)  have  received  a Class  B 
overhaul  (including  exchange  of  installed  scanner  assembly) , at  an  average 
labor  expenditure  of  253  shipyard  man-days  and  an  average  cost  of  $8,340. 
(CG-30  received  a Class  B overhaul  prior  to  the  MDS  data  period  examined.) 

In  summary,  it  can  be  assured  that  the  AN/SPG- 5 3A  Radar  Set  will 
operate  through  the  intracycle  if  a Class  B overhaul  is  accomplished  during 
BOH  and  subsequent  ROHs,  the  regular  PMS  is  accomplished, and  the  appropriate 
corrective  maintenance  is  performed  when  required. 

It  is  recommended  that  a Class  B overhaul  of  the  AN /SPG- 5 3F  Radar  Set 
be  accomplished  during  BOH  on  all  CG-26  Class  ships  receiving  the  Mk  68  Mod 
16  GFCS  during  BOH  (CG-26,  -27,  -28,  -30,  -32,  and  -33),  and  that  a Class  B 
overhaul  of  the  AN/SPG-53F  Radar  Set  and  Mk  1 Mod  1 RSPE  (including  exchange 
of  the  installed  antenna  with  a refurbished  unit)  be  accomplished  during 
BOH  on  all  CG-26  Class  ships  receiving  the  Mk  68  Mod  16  GFS  during  a sub- 
sequent ROH  (CG-29,  -31,  and  -34).  (See  Radar  Set  Background  Subsection 
3. 2. 1.1,  for  recommendation  differences.)  It  is  also  recommended  that  all 
CG-26  Class  ship  AN/SPG-53F  Radar  Sets  receive  a Class  B overhaul  during 
each  subsequent  ROH. 


MRC  Evaluation 


The  current  applicable  maintenance  Index  pages  (MIPs)  for  the  AN/SPG- 
53A  Radar  Set  and  the  AN/SPG-53F  Radar  Set  were  reviewed  and  coopered. 

Three  semiannual  PMS  requirements  were  found  in  the  MIPs  for  the  AN/SPG- 
53F  Radar  Set  that  require  collimation  tower  facilities  (MIP  G-139/5-78). 
These  requirements  are  shown  in  Table  3-15.  It  is  therefore  recommended 
that  the  PMS  requirements  addressed  in  Table  3-15  be  incorporated  in  the 
CG-26  Class  CMP  as  items  to  be  accomplished  semiannually  in  accordance 
with  MRCs  S-4R,  5R,  and  6R  (MIP  G-139/5-78). 

Review  of  the  MIP  for  the  Mk  1 Mod  1 RSPE  did  not  reveal  any  require- 
ments for  outside  assistance.  When  the  RSPE  is  removed  and  the  solid-state 
video  processor  is  installed  (Mod  16  GFCS) , the  amount  of  PMS  required  will 
be  reduced  by  approximately  80  man-hours  per  year.  It  is  also  expected 
that  the  corrective  maintenance  burden  will  be  reduced  because  of  the  pro- 
cessor's solid-state  design  and  greater  accessibility. 


Table  3-15.  PMS  REQUIRING  OUTSIDE  ASSISTANCE 
(MIPS  G-139/5-78) 

PMS 

Requirement 

Periodicity 

Task  Description 

S-4R 

6 months 

Test  AEI  alignment  and  adjust  if 
necessary. 

Note:  To  be  accomplished  by  using 

collimation  tower  facilities. 

S-5R 

6 months 

Verify  the  BEACON  operation. 

Note:  To  be  accomplished  by  using 
collimation  tower  facilities. 

S-6R 

6 months 

Check  RADAR-OPTICAL  alignment  and 
adjust  if  necessary. 

Note:  To  be  accomplished  by  using 
collimation  tower  facilities. 

3.2. 1.7  Maintainability  Improvements 

Fleet  personnel  reported  that  the  new  AN/SPG- 5 3F  Radar  Set,  Mk  154 
Digital  Range  Computer  (installed  by  OrdAlt  6894)  had  an  overheating  prob- 
lem. Since  a circulating  fan  and  the  range  computer  are  completely 
enclosed,  only  heated  air  was  being  circulated  within  the  unit  (Unit  6). 
Ship’s  force  personnel  reported  that  this  problem  could  be  alleviated  by 
operating  Unit  6 with  the  console  doors  open. 
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NAVSEA  0432  technical  personnel  have  indicated  that  this  problem  is 
being  evaluated.  Therefore,  it  is  recommended  that  the  evaluation  of 
extreme  temperatures  in  Unit  6 (Digital  Range  Computer)  be  completed  and 
an  OrdAlt  be  designed  that  will  allow  cooling  air  to  bo  circulated  over 
the  Mk  154  Digital  Range  Computer. 

3. 2. 1.8  Recommendations 

This  section  presents  both  DDEOC  and  maintenance-policy  recommendations 
resulting  ;rom  this  analysis  of  the  AN/SPG-53A/F  Radar  Set  and  the  Mk  1 
Mod  1 R3PE. 

The  existing  maintenance  strategy  of  performing  the  preventive  mainte- 
nance prescribed  by  PMS  and  "run  to  failure"  is  considered  adequate  to 
support  the  AN/SPG-53F  Radar  through  the  extended  operating  cycle. 

The  DDEOC  recommendations  are  as  follows: 


• Baseline  Overhaul  Requirements 

••  Accomplish  Class  B overhaul  of  the  AN/SPG-53F  Radar  Set  on  all 
CG-26  Class  ships  receiving  the  Mk  68  Mod  16  GFCS  (CG-26,  -27 
-28,  -30,  -32,  and  -33) 


••  Accomplish  Class  B overhaul  of  the  AN/SPG-53F  Radar  Set  and 
the  Mk  1 Mod  1 RSPE  and  exchange  antennas  with  refurbished 
units  on  all  CG-26  Class  ships  receiving  the  Mk  68  Mod  16 
GFCS  during  a subsequent  ROH  (CG-29,  -31,  and  -34).  Note: 

The  DDEOC  Repair  Requirements  for  BOH  (CG-26  Class)  dated 
August  1977  concurs  with  the  basic  BOH  recommendation  to 
accomplish  a Class  B overhaul  of  the  AN/SPG-53F  Radar  Set. 
However,  the  repair  requirements  do  not  take  into  account  the 
CG-26  Class  BOH  configuration  differences.  It  is  recommended 
that  the  DDEOC  Repair  Requirements  for  BOH  (CG-26  Class)  be 
adjusted  to  reflect  this  difference  as  stated  above. 

• Intracycle  Maintenance 

••  Accomplish  the  existing  PMS  requirements  for  the  AN/SPG-53F 
Radar  Set  (and  the  Mk  1 Mod  1 RSPE,  when  applicable)  on  all 
C-26  Class  ships. 


••  Include  an  engineered  task  in  the  CG-26  Class  CMP  for  ship's 
force  and  the  depot  to  test  AEI  alignment  and  adjust  if 
necessary  every  six  months  in  accordance  with  MRC  S-4R,  MIP 
G-139/5-78.  Note:  Collimation  tower  facilities  will  be 
needed . 

••  Include  an  engineered  task  in  the  CG-26  Class  CMP  for  ship's 

force  and  the  depot  to  verify  BEACON  operation  every  six  months 
in  accordance  with  MRC  S-5R,  MIP  G-139/5-78.  Note:  Collimation 
tower  facilities  will  be  needed. 

**  Include  an  engineered  task  in  the  CG-26  Class  CMP  for  ship's 
force  and  the  depot  to  check  RADAR-OPTICAL  alignment  and 
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adjust  if  necessary  every  six  months  in  accordance  with  MRC 
S-6R,  MIP  G-139/5-78.  Note:  Collimation  tower  facilities  will 
be  needed. 

• Follow-On  ROH  Requirements  - Include  an  engineered  task  in  the 
CG-26  Class  CMP  for  the  depot  to  accomplish  Class  B overhaul  of 
the  AN/SPG-53F  Radar  Set. 

• Recommended  PMS  Changes  - None. 

• Recommended  Logistic  Support  Improvements  - None. 

• Recommended  Reliability  and  Maintainability  Improvements  - Complete 
evaluation  of  extreme  temperatures  in  Unit  6G  and  design  an  OrdAlt 
that  will  allow  cooling  air  to  be  circulated  over  the  Mk  154 
Digital  Range  Computer. 

3.2.2  Mk  47  Mod  9 Computer  (APL  49402033)  and  Mk  116  Mod  4 Ballistics 
Computer  (APL  49402034) 

3. 2. 2.1  Background 

The  Mk  17  Mod  9 Computer  is  an  analog  device  used  to  generate  gun  and 
fuze-setting  orders  for  5-inch,  54-caliber  gun  mounts.  Its  computations 
are  supplemented  by  the  Mk  116  Mod  4 Ballistics  Computer,  which  either 
provides  gun  orders  for  3- inch,  50-caliber  gun  mounts  (to  be  removed  during 
BOH)  or  provides  star  shell  gun  and  fuze-setting  orders  for  5-inch,  54- 
caliber  gun  mounts.  In  this  xeport,  the  Mk  47  Mod  9 Computer  and  the  Mk 
116  Mod  4 Ballistic  Computer  are  discussed  as  one  computer  (the  Mk  47  Mod 
9 Computer)  because  of  their  close  functional  and  physical  relationship  and 
the  similarity  of  their  MDS  data.  (Most  Mk  116  Mod  4 computer  data  were 
reported  under  the  APL  for  the  Mk  47  Mod  9 Computer.)  Where  the  available 
data  show  that  there  is  a difference  in  the  maintenance  experience  of  the 
two  computers,  they  are  addressed  separately. 

When  the  Mk  68  Mod  8 GFCS  is  modified  to  a Mk  68  Mod  16  GFCS,  these 
analog  computers  will  be  replaced  by  the  digital  Mk  160  Mod  1 Gun  Computer 
System  (see  Table  3-4).  This  new  digital  computer  system  will  include  an 
AN/U¥K-20(V)  Data  Processing  Set,  a Mk  167  Mod  1 Computer  Set  Control,  an 
RD-358(V)/UYK  Digital  Magnetic  Tape  Recorder- Reproducer,  and  an  AN/UGC-79 
Teletypewriter  Set. 

To  date,  the  Mk  160  Gun  Computer  System  has  been  installed  on  only 
two  U.S.  ships  (DDG-2  USS  ADAMS  (test  ship  — no  longer  installed)  and  CG- 
26  USS  BELKNAP).  Although  the  cognizant  technical  codes  report  that  the 
new  digital  gun  computer  system  will  be  easier  to  maintain  and  will  require 
fewer  corrective  maintenance  man-hours  them  the  analog  (Mk  47  and  Mk  116 
Computers)  system,  the  lack  of  sufficient  maintenance  data  for  the  Mk  160 
Gun  Computer  System  prohibits  a quantitative  analysis.  Therefore,  no 
recommendations  are  made  in  this  subsection  for  those  CG-26  Class  ships 
which  will  receive  the  Mk  68  Mod  16  GFCS  during  BOH  (CG-26,  -27,  -28,  -30, 
-32,  and  -33) . 
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The  following  subsections  review  the  maintenance  experience  for  the 
Mk  47  and  Mk  116  computers;  appropriate  recommendations  are  made  for  CG-26 
Class  ships  that  will  retain  the  present  Mk  68  GFCS  configuration  until 
the  first  ROH  after  BOH  (CG-29,  -31,  and  -34). 


3. 2. 2. 2 


jarative  Analysis 


A conparative  analysis  was  not  performed  for  the  CG-26  Class  Mk  47 
compute r because  of  the  basic  differences  in  the  Mk  47  Computers  among  the 
three  ship  classes  being  considered.  Table  3-16  summarizes  three  basic 
differences  for  the  CG-26,  DDG-37,  and  FF-1052  Class  Mk  47  Computers. 


Table  3-16.  MK  47  COMPUTER  DIFFERENCES  (CG-26,  DDG-37  AND 
FF-1052  CLASS) 


Ship 

Class 

Mk  47 
Mod 

APL 

Type 

Computer 

Solid-State 

Components 

Installed 

Mk  116 
Computer 
Installed 

Mk  155 
Computer 
Installed 

DDG-37 

7 

49400808 

Analog 

No 

Yes 

Yes 

CG-26 

9 

49402033 

Analog 

Yes 

Yes 

No 

FF-1052 

10/11 

49402526 

49402700 

Analog 

Yes 

No 

No 

As  shown  in  Table  3-16,  the  Mk  47  Mod  7 Computers  do  not  have  solid- 
state  components  and  have  a Mk  155  Ballistics  Computer  installed.  Although 
the  Mk  47  Mods  10/11  Computers  are  functionally  very  similar  to  the  Mk  47 
Mod  9 Computers,  an  APL  comparison  showed  that  less  than  25  percent  of  the 
Mk  47  Mod  10/11  parts  were  common  to  the  Mk  47  Mod  9 Computer.  Therefore, 
comparisons  of  Mk  47  Computer  performance  across  these  three  ship  classes 
was  deemed  inappropriate. 


3.2. 2. 3 MDS  Data  Summarv 


Available  MDS  data  were  examined  for  the  following  purposes: 


• To  identify  the  corrective  maintenance  practices 

• To  determine  the  primary  reasons  for  unscheduled  maintenance 


* To  identify  the  historical  participation  of  the  different  mainte- 
nance activities 


Tables  3-17,  3-18,  and  3-19  summarize  the  available  Mk  47  Computer 
MDS  data.  The  following  are  the  nx^Mights  of  those  tables: 


• Approximately  82.9  percent  of  the  computer  JCNs  with  reported 
man-hours  were  completed  by  ship's  force  in  10  man-hours  or  less. 
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MDS  SUMMARY  FOR  THE  HK  47  MOO  9 COMPUTER 

(APLs  49402033  AND  49402034) 

(Total  JON*  - l,428*i  P.rt.-mly  Tr*n«»ction»  - 142  or  23.9  percent  of  Total  JCNm) 

Type  of  JCN 

Man-Hour 

Distribution 

Number  of 
Transactions 

Ship 

Man-Hours 

Percentaqe  of 

Total  JCNs 
with  Man-Hours 

0-4 

68.9 

747 

WO 

13.9 

151 

Shij  's 

11-25 

7.9 

86 

26-40 

2.8 

30 

JCNa 

41-50 

1.0 

11 

51  or  more 

4.2 

45 

Percentaqe  of 

Total  IMA 

JCNs 

1 1 HA 

JCNs 

0-5 

38.5 

5 

16-  30 

38.5 

5 

41  or  more 

23.0 

3 

Percentaqe  of 

Transactions  with  Reported  Man-Hours 

Total  JCNs 

75.8 

1,083* 

•Total  number  includes  tiansactions  that  did  not  require  any  man- 

hours  or  parts. 

Tsble  1-18.  MDS  SUMMARY  FOR  THE  MK  47  MOD  9 COMPUTER 
(APLs  49402033  AND  49402034) 

(Total  JCNs  - 1,428* j Parts-Only  Transactions  - 342  or  23.9  percent  of  Total  JCNs) 

Data  Item 

Percentaqe  of 

Number  of 

JCNs 

Transactions 

Reported  Cause 

Normal  Wear  and  Tear 

84.7 

587 

Unknown 

10.5 

73 

Inadequate  Inst ruction/Procedure 

1.9 

13 

Manufacturer/Instal lat ion  Defects 

1.  3 

9 

When  Discovered 

Normal  Operation 

34.9 

242 

Durinq  PMS 

26.8 

186 

During  Inspection 

16.9 

137 

Operation  Status 

Reduced  Capability 

44.6 

309 

Ope  rat lonal 

32.6 

226 

Non-Operational 

15.4 

107 

Action  Taken 

Completed  with  Supply  Parts 

86.9 

602 

Completed  (No  Parts  Used) 

7.  1 

49 

Unknown/Other 

4.6 

32 

Percentaqe  of 

Nondef erred  JCNs 

Total  JCNs 

48.5 

693* 

•Total  Number  includes  transactions  that 

did  not  require  any  mar 

-hours  or  parts. 
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Table  3-19.  MDS  SUMMARY  FOR  THE  MX.  47  MOD  9 COMPUTER 
(APLa  49402033  AND  49402034) 

SUMMARY  OF  DEFERRED  JCNs 


(Total  JCNs  - 1,428*;  Parts-Only  Transactions  - 342  or  23.9  percent  of  Total  JCNs) 


Data  Item 


Percentage  of 
Total  Nondef erred 
JCNs 


Number  of 
Transactions 


Reported  Cause 


Normal  Wear  and  Tear 
Unknown 

Manufacturer/Installation  Defects 


71.1 

20.7 

3.2 


268 

78 

12 


Deferral  Reason 
Lack  of  Material 

Work  Backlog/Operational  Priority 
Unknown 

Lack  of  Facilities/Capabilities 

Action  Taken  (Ship's  Force) 

Completed  with  Supply  Parts 
Conpleted  (No  Parts  Used) 


64.2 

12.7 

11.1 

10.1 


64.7 

3.9 


242 

48 

42 

38 


244 

15 


Action  Taken  (IMA) 

Completed  with  Supply  Parts 
Completed  (No  Parts  Used) 


1.6 

1.6 


6 

6 


Type  Availability 


Ship's  Force 

68.4 

258 

Depot 

18.6 

70 

Unknown 

11.4 

43 

IMA 

1.1 

4 

Percentage  of 

Deferred  JCNs 

Total  JCNs 

26.4 

377* 

*Total  number  includes  transactions  that  < 

did  not  require  any  man' 

-hours  or  parts. 

• Approximately  5.2  percent  of  the  JCNs  with  reported  man-hours 
required  41  or  more  ship's  force  man-hours  before  completion. 

• Approximately  1.2  percent  of  all  the  transactions  with  reported 
man-hours  were  IMA  transactions. 

• Normal  wear  and  tear  was  the  reported  cause  of  approximately  79.9 
percent  of  the  deferred  and  nondeferred  conputer  transactions. 

• Approximately  86.9  percent  of  the  nondeferred  conputer  JCNs  required 
supply  parts  for  completion. 

• Approximately  64.2  percent  of  the  deferred  computer  JCNs  were 
generated  because  of  lack  of  material  (parts). 

• Approximately  68.4  percent  of  the  deferred  computer  JCNs  were 
conpleted  by  ship's  force,  and  approximately  18.6  percent  of  the 
deferred  computer  JCNs  were  completed  by  a depot. 

It  is  evident  from  this  MDS  data  summary  that  ship's  force  can  accom- 
plish most  conputer  repairs  without  outside  assistance  if  the  needed  parts 
are  available,  and  that  very  little  assistance  is  required  from  the  IMAs. 

3. 2. 2. 4 Deferred  Action  Review 


The  MDS  narratives  that  reported  IMA  man-hours  were  reviewed  to  sub- 
stantiate the  findings  of  the  MDS  sum.-ry,  Subsection  3. 2. 2. 2.  Ten  of  the 
13  IMA  transactions  did  not  identify  what  work  was  actually  completed  by 
the  IMA.  All  10  of  these  IMA  transactions  originated  in  FY  1970  or  1971. 

The  three  remaining  IMA  transactions  were  unrelated  and  judged  to  be 
insignificant  because  of  the  relatively  small  number  of  combined  man-hours 
reported.  Therefore,  even  though  the  actual  cause  of  most  of  the  computer 
IMA  transactions  is  unknown,  it  appears  that  the  problem  or  need  no  longer 
exists. 

Narratives  for  deferred  actions  generated  because  of  a lack  of  facil- 
ities or  capabilities  were  also  reviewed.  The  item  requested  most  often 
was  the  Class  B overhaul  to  the  Mk  47  and  the  Mk  116  Computers  (accomplished 
by  depot) . The  only  other  request  made  by  more  than  one  CG-26  Class  ship 
(in  this  case,  four)  was  to  repair  the  computer  patch  cables.  The  narra- 
tives indicated  that  ship’s  force  personnel  usually  either  repaired  the 
cables  themselves  or  purchased  new  cables. 

Ship's  force  personnel  reported  that  these  computer  test  cables' 
electrical  connectors  and  guide  pins  are  easily  damaged  and  bent.  Since 
these  cables  are  expensive  ($237  to  $1,980)  and  chargeable  to  the  ship’s 
operating  funds,  the  technicians  often  spend  a few  hours  repairing  the 
cables  or  simply  do  without  them  when  they  are  no  longer  considered 
repairable,  rather  than  procure  new  ones.  As  a result,  some  ships  do  not 
have  a complete  allowance  of  test  cables  for  computer  maintenance. 

Computer  parts  considered  to  be  significant  in  terms  of  their  ratio 
of  replacements  to  total  population  and  their  individual  cost  (greater 
than  $500)  are  summarized  in  Appendix  C.  This  appendix  shows  that  only 
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one  third  of  the  CG-26  Class  ships  replaced  these  test  cables  (Cable 
Assemblies)  during  the  MDS  data  period,  again  probably  because  of  their 
prohibitive  cost. 

The  lack  of  these  test  cables  would  help  explain  why  some  ships  report 
an  inordinate  number  of  man-hours  to  accomplish  relatively  simple  repairs 
(see  Table  3-17,  Man-Hour  Distribution).  The  MDi,  narratives  for  trans- 
actions that  required  more  than  40  man-hours  to  complete  indicated  that  a 
great  number  of  those  man-hours  were  spent  trying  to  identify  the  specific 
module  or  part  causing  the  problem.  Proper  use  of  a complete  act  of  test 
cables  could  considerably  reduce  this  troubleshooting  time.  Therefore, 
it  is  recommended  that  the  three  CG-26  Class  ships  (CG-29,  -31,  and  -34) 
be  surveyed  and,  if  necessary,  provided  a complete  set  of  test  cables  at 
no  cost  to  the  ship  during  BOH  (AELs  49402284  PA  - Computer  Mk  116  Mod  4 
Accessories,  and  49402284SA  - Computer  Mk  Mod  Accessories). 

3. 2. 2. 5 Parts  Usage  Review 

A review  of  the  significant  parts  used  for  the  computer  indicated  that 
there  was  no  single  part  or  group  of  parts  causing  the  majority  of  computer 
repairs.  Not  one  significant  computer  part  has  an  average  interval  between 
replacements  (Total  Class  Operating  Time/Number  of  Parts  Replaced)  of  less 
than  three  years  (see  Appendix  C) . Although  the  majority  of  the  signifi- 
cant parts  shown  in  Appendix  C are  not  carried  as  on-board  spare  parts, 
no  part  is  expected  to  present  a problem  during  the  extended  operating 
cycle.  Therefore,  no  specific  parts-related  recommendations  are  made  in 
this  subsection. 

3. 2. 2.6  CASREP/MRC  Evaluation 


The  available  computer  CASREP  data  (Table  3-20)  show  that  no  single 
part  or  part  classification  caused  a majority  of  the  reported  CASREPs. 

The  type  of  failure  reported  most  often,  approximately  42  percent  of  the 
Mk  47  Mod  9 Computer  CASREPs,  was  that  gears  would  either  bind  or  shear. 
MOTU  and  NAVSEA  technical  personnel  reported  that  the  primary  cause  of  gear 
failure  is  improper  or  inadequate  lubrication.  A review  of  the  current  PMS 
requirements  for  the  Mk  47  Mod  9 Computer  found  that  there  is  one  cyclic 
requirement  to  clean,  inspect,  and  lubricate  the  computer.  The  number  of 
gear-related  CASREPs  might  be  reduced  if  the  periodicity  of  this  MRC  were 
increased.  (NOTE:  a DDEOC  cycle  is  five  years  versus  the  standard  three 
years.)  Therefore,  to  increase  the  equipment  availability,  it  is  recom- 
mended that  MIP  G-126/2-48,  MRC  C-l  be  changed  to  an  annual  requirement 
(A- ( )). 

The  review  of  the  applicable  MIPs  for  the  Mk  47  Mod  9 Computer  and 
the  Mk  116  Mod  4 Computer  did  not  identify  any  requirements  that  would 
necessitate  outside  assistance. 


3. 2. 2. 7 Maintenance  Patterns 


The  computer  maintenance  level  for  each  CG-26  Class  ship  and  for  the 
entire  class  was  examined  by  observing  the  patterns  and  trends  of  the 


33 


Table  3-20.  CAS REP  SUMMARY  FOR  MK 
MK  116  MOD  4 COMPUTER 

47  MOD  9 COMPUTER  AND 

Number  of 

Number  of 

Component  Type 

Ships 

Reported 

CASREPs 

Computer  Mk  47  Mod  9 (APL  49402033) 

Potentiometers 

4 

6 

Gearing 

5 

11 

Timing  Motor 

3 

3 

Resolvers 

1 

1 

Synchros 

1 

1 

Power  Supply 

1 

1 

Transformers 

1 

1 

Clutches 

1 

1 

Other 

1 

1 

Total 

26 

Computer  Mk  116  Mod  4 (APL  49402034) 

Resolvers 

1 

2 

Amplifiers 

2 

2 

Other 

1 

1 

Total 

5 

1 CASREP  Data  Period  = 1/1/72  through  9/1/78 

Class  Ship  Operating  Years  (SOY)  During  Data  Period  = 53.0 

Class  CASREPs  Per  SOY  =0.58 

t 
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reported  MDS  ship’s  force  man-hours,  job  initiations  (JCNs)  and  number  of 
computer  APL  parts  used  per  quarter  after  overhaul.  The  average  maintenance 
level  for  each  CG-26  Class  ship  varied,  but  generally  the  class  maintenance 
level  for  the  computers  increased  slightly  as  time  out  of  overhaul  increased. 
This  indicates  a very  slow  deterioration  of  the  equipment  as  a function  of 
time. 

One  CG-26  Class  ship  (CG-30)  has  been  operational  for  more  than  five 
years  between  overhauls.  When  the  computer  maintenance  level  (ship's  force 
man-hours,  JCNs,  APL  parts  used)  for  this  ship  was  examined,  it  was  evident 


I 


34 


In 


i: 

D 

U 

i: 


that  the  amount  of  reported  computer  maintenance  did  not  increase  signifi- 
cantly (less  than  10  percent  increase)  over  the  data  period  observed. 
Therefore,  the  computers  will  operate  through  the  DDEOC  intracycle  without 
significant  increase  in  the  required  ship's  force  maintenance  if  the 
scheduled  PMS  is  accomplished  and  corrective  maintenance  is  performed  as 
needed. 

The  average  number  of  ship's  force  corrective  maintenance  man-hours 
reported  per  quarter  after  overhaul  was  30.0  man-hours.  Since  this  mainte- 
nance level  is  expected  to  continue  through  the  DDEOC  intracycle,  it  is 
recommended  that  a qualified  task  be  included  in  the  Class  Maintenance  Plan 
for  ship's  force  to  accomplish  the  Class  C repairs  needed  to  keep  the  Mk  47 
and  Mk  116  Computers  operational  each  quarter  after  overhaul. 

3. 2. 2. 8 Depot-Level  Maintenance 

A review  of  the  available  CG-26  Class  SARPs  showed  that  four  of  five 
ship  computers  (Mk  47  and  Mk  116  Computers)  had  received  a Class  B overhaul, 
requiring  an  average  of  473  shipyard  man-days,  for  an  average  cost  of 
$29,596  (CG-30  Computer  received  Class  B overhaul). 

3. 2. 2. 9 Conclusion 

It  is  concluded  that  the  Mk  47  and  Mk  116  Computers  are  capable  of 
operating  through  the  DDEOC  intracycle  if  a Class  B overhaul  is  accomplished 
during  BOH,  the  scheduled  PMS  is  accomplished,  and  the  appropriate  correc- 
tive maintenance  is  performed  when  required. 

This  conclusion  is  in  agreement  with  the  DDEOC  Repair  Requirements 
for  BOH  (CG-26  Class);  however,  the  Repair  Requirements  should  be  adjusted 
to  show  that  this  conclusion  is  applicable  only  to  three  CG-26  Class  ships 
(CG-29,  -31,  and  -34)  since  the  Mk  47  and  Mk  116  Computers  will  be  removed 
from  the  other  ships  of  the  class. 

3.2.2.10  Recommendations 

This  subsection  presents  the  DDEOC  and  maintenance-policy  recommenda- 
tions resulting  from  the  analysis  of  the  Mk  47  Mod  9 Computer  and  the  Mk 
116  Mod  4 Computer. 

The  existing  maintenance  strategy  of  performing  the  preventive  mainte- 
nance prescribed  by  PMS  and  performing  the  appropriate  corrective  mainte- 
nance when  required  is  adequate  to  support  the  Mk  47  and  Mk  116  Computers 
through  DDEOC. 

The  DDEOC  recommendations  are  as  follows; 

• Baseline  Overhaul  Requirements  - Accomplish  Class  B overhaul  of  the 
Mk  47  Mod  9 Computer  and  the  Mk  116  Mod  4 Computer  for  CG-29, 

CG-31 , and  CG-34. 


• Intracycle  Maintenance  Requirements  - Include  a qualified  CMP  task 
for  ship's  force  to  accomplish  the  Class  C repairs  required  to  keep 
the  Mk  47  and  Mk  116  Computers  operational  each  quarter  after 
overhaul  (CG-29,  -31,  and  -34). 

• Follow-On  ROH  Requirements  - None. 

• Recommended  PMS  Changes  - Change  the  periodicity  of  MIP  G-126/2-48, 
MR C C-l  to  an  annual  requirement  (A-(  )). 

• Recommended  Logistic  Support  Improvements  - None. 

• Recommended  Reliability  and  Maintainability  Improvements  - Survey 
CG-29,  CG-31,  and  CG-34  computer  test  cables  (AELs  49402284PA  and 
49402284SA)  and,  if  necessary,  provide  a complete  set  of  test  cables 
at  no  cost  to  the  ship  during  BOH. 
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CHAPTER  FOUR 


CONCLUSIONS  AND  RECOMMENDATIONS 


This  chapter  summarizes  the  conclusions  end  recommendations  resulting 
from  the  Review  of  Experience  for  the  CG-26  Class  Gun  Fire  Control  Systems. 


4.1  CONCLUSIONS 

The  following  significant  conclusions  resulted  from  this  ROE: 

• Electronic  systems  and  components  do  not  exhibit  any  regular  failure 
pattern;  that  is,  the  probability  of  failure  is  the  same  at  any 
given  time.  Therefore,  no  benefit  is  derived  from  periodic  replace- 
ment of  electronic  components,  and  such  replacement  is  not 
recommended. 

• The  existing  maintenance  strategy  of  performing  the  preventive 
maintenance  prescribed  by  PMS  and  "run  to  failure"  is  adequate  to 
support  the  AN/SPG- 5 3A,  F Radar  Set  and  the  Mk  47  Mod  9 Computer 
through  an  extended  operating  cycle. 

• The  Mk  68  Gun  Fire  Control  System  equipments  installed  aboard  CG- 
26  Class  ships  exhibited  maintenance  burden  patterns  similar  to 
those  of  comparable  equipments  installed  aboard  DDG-37  and  FF-1052 
Class  ships. 

• Ship's  force  personnel,  with  very  little  outside  assistance  (IMA 
or  depot) , have  the  capability  to  perform  most  major  maintenance 
actions  to  the  AN/SPG-53A/F  Radar  Set  and  the  Mk  47  Mod  9 Computer. 

4.2  RECOMMENDATIONS 

Recommendations  for  corrective  action  and  improvement  of  Gun  Fire 
Control  Systems'  equipment  maintenance  are  grouped  as  follows: 

• Baseline  Overhaul  Requirements 

• Intracycle  Requirements 

• Follow-On  Regular  Overhaul  Requirements 

• Reliability  and  Maintainability  Improvements 
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• PMS  Changes 

• Integrated  Logistics  Support  Improvements 

• Industrial  Facility  Improvements 

• IMA  Improvements 

Table  4-1  summarizes  the  recommendations  that  resulted  from  the  Gun 
Fire  Control  Systems'  analysis. 


Table  4-1.  SUMMARY  OF  ROE  RECOMMENDATIONS 


u 

D 

n 


Re  comae  nda  t x on 

Number 

Component 

Recommendation 

Report 

Subsection 

Baseline  Overhaul  Requirements 

1 

AN/SPC-53F  Radar  Set 

Perform  Class  B overhaul  of  the  AN/SPG- 5 3F 
Radar  Set  on  all  CG-26  Class  ships  receiv- 
ing the  Mk  68  Mod  16  GFCS  (CG-26,  -27,  -28, 
-30.  -32,  -33). 

B 

2 

AN/SPG- 5 3F  Radar  Set 
and  Mk  1 Mod  1 RSPE 

Perform  Class  B overhaul  of  the  AN/SPG- 5 3F 
Radar  Set  and  the  Mk  1 Mod  1 RSPE  and 
exchange  antenna  with  a refurbished  unit 
on  all  CG-26  Class  ships  receiving  the 

Mk  68  Mod  16  GFCS  during  a subsequent  ROH 
(CG-29,  -31,  -34). 

3. 2. 1.6 

3 

Mk  47  Mod  9 Computer 
and  Mk  116  Mod  4 
Computer 

Perform  Class  B overhaul  of  the  Mk  47 

Mod  9 Computer  and  the  Mk  116  Mod  4 Com- 
puter for  CG-29,  -31,  and  -34. 

3. 2. 2.8 

Intracycle  Requirements 


4 

AN/SPG- S3F  Radar  Set 

Accomplish  the  existing  PMS  requirements 
for  the  AN/SPG- 5 3F  Radar  Set  (and  the 

Mk  1 Mod  1 RSPE,  when  applicable)  on  all 

CG-26  Class  ships. 

3.2. 1.6 

5 

AN/SPG- S3F  Radar  Set 

Test  A£I  alignment  and  adjust  if  necessary 
every  six  months  in  accordance  with  MRC 

S-4R,  MIP  G- 139/5- 78. 

NOTE:  Collimation  tower  facilities  needed. 

3. 2. 1.6 

6 

AN/SPG- 53F  Radar  Set 

Verify  BEACON  operation  every  six  months 
in  accordance  with  MRC  S-5R,  MIP  G-139/ 

5-78. 

NOTE:  Collimation  tower  facilities  needed. 

3.2. L6 

7 

AN/SPG- 5 3F  Radar  Set 

Check  RADAR-OPTICAL  alignment  and  adjust 
if  necessary  every  six  months  in  accord- 
ance with  MRC  S-6R,  MIP  G- 139/5- 78. 

NOTE:  Collimation  tower  facilities  needed. 

3.2. L6 

a 

Mk  47  Mod  9 Computer 
and  Mk  116  Mod  4 Com- 
puter 

Perform  the  class  C repairs  required  to 
keep  the  Mk  47  Mod  9 Computer  and  the 

Mk  116  Mod  4 Computer  operational  (CG-29, 

-31,  and  -34) . 

m 

Follow-On  ROH  Requirements 


9 

AN/SPG- 5 3F  Radar  Set 

Perform  Class  B overhaul  of  the  AN/SPG- 

3.2. L6 

53F  Radar  Set  on  all  CG-26  Class  ships. 

Reliability  and  Maintainability  Improvements 


10 

AN/SPG- 5 3F  Radar  Set 

Complete  evaluation  of  extreme  tempera- 
tures in  Unit  6G  and  design  an  OrdAlt  which 
will  allow  cooling  air  to  be  circulated 
over  the  Me  154  Digital  Range  Computer. 

11 

Mk  47  Mod  9 Computer 

Survey  CG-29,  -31,  and  -34  computer  test 
cables  (AELs  49402284  PA  and  49402284  SA) 
and,  if  necessary,  provide  a complete  set 
of  test  cables  at  no  cost  to  the  ship 
during  BOH. 

PMS  Changes 

12 

Me  47  Mod  9 Computer 

Change  the  periodicity  of  MIP  G- 126/2-48, 

MRC  C-l  to  an  annual  requirement  (A- ( )). 

3. 2. 2. 6 

Integrated  Logistics  Support  Improvements  - None 

Industrial  Facility  Improvements  - None 

i 

IMA 

Improvements  - None 

1 
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The  following  selected  references  were  used  as  the  basis  for  the 
Review  of  Experience  of  the  Gun  Fire  Control  System. 

1.  Generation  IV  MDS  narrative  and  parts  usage  data  for  the  CG-26  Class 
ships,  1 January  1970  through  31  December  1977. 

2.  CASREPs  for  the  CG-26  Class,  1 January  1972  through  31  August  1977. 

3.  The  following  technical  manuals: 

a)  NAVWEPS  OP  2649,  Volume  1,  Gun  Fire  Control  System  Mk  68  Mods  3, 

4,  6,  and  8,  Description  and  Operation. 

b)  NAVORD  OP  2782,  Volume  1,  Radar  Set  AN/SPG-53A,  Description, 
Operation,  and  Maintenance. 

c)  NAVORD  OP  2782,  Supplement  2,  Volume  1,  Radar  Signal  Processing 

Equipment  Mk  1 Mod  1,  Description , Operation,  and  Maintenance. 

» 

d)  NAVORD  OP  3193,  Volume  1,  Computer  Mk  47  Mod  9,  Description  and 
Operation. 

4.  Ship's  Equipment  Configuration  Accounting  System  (SECAS)  Reports  dated 
26  November  1975. 

5.  Maintenance  Index  Pages  and  Maintenance  Requirement  Cards  for  the  Mk 
68  Mod  8,  All  GFCS  and  components. 

6.  CG-26  Class  Repair  Profile,  dated  October  1975,  prepared  by  PERA 
(CRUDES) . 

7.  DDEOC  Repair  Requirements  for  BOH,  CG-2b  Class  dated  July  1977. 

8.  Mechanized  Departure  Reports  for  CG-26  Class  Ships,  various  dates. 

9.  ShipAlt  briefs  and  SAMIS  data  for  Mk  68  GFCS  alterations,  various  dates 

10.  Trip  Report  dated  21  May  1979;  ARINC  Research  Corporation  visit  to 
USS  WAINW RIGHT  (CG-28) . 

11.  Navy  Management  data  List  (NMDL) , dated  January  1979. 
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12.  Type  Commander's  COSAL/SNSL  SURFLANT  £ SURFPAC,  dated  28  February 
1977  and  21  August  1977,  respectively. 

13.  Allowance  Parts  List  (APLs)  for  selected  components  of  the  CG-26 
Class  Mk  68  Gun  Fire  Control  System. 

14.  OPNAVINST  4790.4,  Material  Maintenance  Management  (3M)  Manual,  Volumes 
I and  II,  June  1973. 

15.  SARPs  for  CG-26  Class  ships  (CG-27,  -28,  -29,  -30,  -31,  -32,  and  -33). 

16.  Index  of  Alterations  to  Ordnance  (Less  Aviation) , NAVSEA  OrdAlt  00, 
dated  15  October  1978. 

17.  Equipment  Identification  Code  (EIC)  Master  Index,  MSOD  4790.E2579 , 
dated  21  March  1978. 

18.  Fleet  Modernization  Program,  Ordnance  Improvement  Plan  (OIP)  for  Fiscal 
Year  79,  dated  4 February  1977. 

19.  ShipAlt  Information  Manual,  CG-26  Class,  dated  September  1978. 

20.  System  Maintenemce  Analysis,  FF-1052  Class  Mk  68  Gun  Fire  Control 
System,  ARINC  Research  Publication  1646-03-4-1585,  March  1977. 

21.  System  Maintenance  Analysis,  DDG-37  Class  Mk  68  Gun  Fire  Control 
System,  ARINC  Research  Publication  1652-03-1807,  September  1978. 

22.  Contact  Reports: 

• 5 February  1979  and  6 March  1979,  phonecon  to  NAVSEA  934X. 

• 5 February  1979  and  10  April  1979,  phonecon  to  NAVSEA  04322,  Gun 
Systems  Maintenance  Section 

• 15  May  1979,  Phonecon  to  the  Manning  Control  Authority,  Silver 
Spring,  Maryland. 
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MDS  SUMMARY  OF  SELECTED  SWAB  481  COMPONENTS 


This  appendix  summarizes  MDS  data  for  APLs  that  contributed  most 
significantly  to  the  SWAB  481  maintenance  burden.  Individual  SWAB  481 
APLs  not  shown  contributed  less  than  eight  Average  Man-Hours  per  Component 
Operating  Year  to  the  total  SWAB  481  maintenance  burden. 
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APPENDIX  C 

MDS  PARTS  USAGE  SUMMARY 


This  appendix  summarizes  usage  data  on  significant  part  replacements 
in  the  high-burden  system  components  of  the  Mk  68  Gun  Fire  Control  System. 
Only  those  parts  considered  significant  in  terms  of  their  ratio  of  replace- 
ments to  total  part  population  or  their  individual  cost  are  presented. 
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TahJa  C-i . 

ms  PARTS 

8 

i 

5 

1 

Nrt  Idanti  float  Ion 

Currant 

Quantity 

Coaponent 

Total 

Part 

Population 

MiMbar 

Replaced 

Ratio 
(•100)  of 

Part* 

Replaced 

to  Total 
Population 

Subunit 

Use 

Nunbar  of 
Ship# 
Reported 

MM 

9ua»ncla'ura 

Unit 

(Dollars) 

8M/8PG-5)8  Radar 

APL  56994)06) 

an- 5960-00-045-86 n 

Blactron  Tuba 

.71 

9 

• l 

1)5 

144.) 

U 

8 

•49-5460-00-060- 1449 

Electron  Tuba 

10.18 

6 

54 

2)8 

440.7 

48/5C 

• 

9ia- 54 10- 00-040- 7 44® 

capacitor,  riaad 

14.18 

1 

9 

5 

55.5 

C()84)l 

4 

•9m-S460-oo-082-41  14 

Blactron  Tuba 

.98 

7 

61 

• 1 

1)1.7 

9A/6B 

8 

99-5405-00-100-2844 

toalator 

5.40 

2 

18 

19 

105.5 

5C 

5 

19-1440-00-102-1416 

Magna  t ran 

2210.00 

1 

4 

18 

200.0 

vimii 

6 

49-4460-00-114-1444 

Blactron  Tube 

1.96 

14 

126 

177 

140.5 

6A/6G 

8 

•49-4460-00-114-6011 

Blactron  Tuba 

1.26 

9 

81 

276 

)40. 7 

U/6D/6P 

4 

49- 4460-00- 1 14-4064 

Blactron  Tuba 

1.74 

1 

9 

14 

155.6 

V(8JU)5 

6 

•49-4460-00-114-6071 

Blactron  Tuba 

1.18 

l 

9 

78 

866.  7 

V()P)2 

• 

•49- 4460-00- 1 70-4482 

Blactron  Tuba 

44.6) 

2 

14 

29 

161.1 

60/88 

8 

49-4460-00-174-4744 

Blactron  Tuba 

1.05 

4 

16 

114 

)16 . 7 

6P/6G 

8 

49-4460-00-174-4749 

Blactron  Tuba 

2.54 

9 

81 

42 

11). 6 

6V6P 

9 

•49- 4460-00- 188-6604 

Blactron  Tuba 

10.57 

6) 

101 

160.  ) 

48/ 4D 

» 

•49-4460-00- 188-8464 

Blactron  Tuba 

4. 76 

27 

106 

192.6 

6P 

8 

49-4460-00-191-4084 

Blactron  Tuba 

5.71 

* 

54 

48 

88.9 

4A/48/4C 

8 

49-4444-00-2 1 1-4666 

Ralay,  Anaeture 

64.6) 

1 

9 

7 

77.8 

B (58) 1 

) 

49-4460-00-261-8644 

Blactron  Tuba 

104.64 

18 

26 

144.4 

6C/6D 

7 

49-4460-00-262-0161 

Blactron  Tuba 

1.55 

10 

40 

87 

46.7 

4C 

9 

•49-4460-00-262-0210 

Blactron  Tuba 

1.05 

27 

24) 

40) 

164.8 

6B/6C/6D/ 

• 

99-4460-00-262-0260 

Blactron  Tuba 

10.98 

9 

18 

422.2 

48 

7 

•49-4840-00-264-6468 

Aapliflar.  I.P. 

429.00 

9 

14 

155.6 

8P 

7 

Blactron  Tuba 

.61 

1 

4 

18 

200.0 

:%c)  5 

7 

99-4404-00-279-1911 

Raaiator.  Pi  Red 

.12 

18 

70 

188.9 

6P 

7 

49-4460-00-284-482) 

Blactron  Tuba 

12.62 

20 

180 

128 

182.2 

48/48/4C/ 

9 

•99-4460-00-246-0044 

Blactron  Tuba 

220.56 

9 

212 

2)55.6 

vopii 

9 

99-4460-00-296-1164 

Blactron  Tuba 

267.75 

l 

9 

16 

177.8 

V (68)  \ 

7 

IN- 446 1-00-469-4160 

Ractlf lar 

100.00 

2 

18 

15 

• 1.  ) 

)R 

• 

49-1284-00-487-1084 

Miner  Stage 

1220.00 

l 

9 

2 

22.2 

OC> 

2 

99-4484-00-418-7)29 

rxi«aiy  Load,  Blac. 

242.10 

4 

5 

99- 4960-00-442-7004 

Blactron  Tuba 

2.52 

1) 

117 

127 

108.5 

6A 

9 

•99-4460-00-442-0082 

Elactron  Tuba 

1.51 

2 

18 

117 

650.0 

V ( 182) 1/2 

9 

•49-4460-00-169-441) 

Blactron  Tuba 

50.68 

1 

9 

41 

455.6 

6P 

9 

99-4460-00-478-1642 

Blactron  Tuba 

65.66 

4 

9> 

44 

122.2 

68/6G 

8 

•2J- 1284-00-44 1-6976 

Ant anna,  Radar 

6960.00 

l 

4 

52 

577.8 

1A 

9 

•49-4460-00-614-4)04 

Seal conduct  or  Davlca 

1.18 

) 

27 

25) 

9)7.0 

)C 

9 

99-4910-00-617-4041 

Capacitor.  riKad 

1.84 

1 

9 

26 

288.4 

C (68)  12 

5 

49-4960-00-617-6097 

Blactron  Tuba 

1.92 

26 

2)4 

)lfr 

1)5.0 

4B/4C 

9 

•99-4444-00-644-7114 

Ralay.  Motor  Dr  Ivan 

141.57 

1 

9 

9 

100.0 

K(5D)1 

4 

49- 4960- 00-669-6848 

Sent  conduct  or  Davlca 

2.8) 

2 

18 

21 

116.7 

6P/6G 

6 

•49-4840-00-704-1678 

Hoaid.  Pi intad  Circuit 

592 . 00 

1 

9 

74 

822.2 

()M> 

9 

19- 1010-00-704-1681 

Clutch,  Magnatlc 

2)2.11 

1 

9 

7 

77.8 

CM6GIU 

4 

19-4414-00-704-1701 

Hat  work 

66.00 

1 

9 

11 

122.2 

E (6P2 ) 2 

6 

99-4914-00-704-1702 

Nat  wo  ik 

286.21 

1 

9 

11 

122.2 

Z(6P2)1 

7 

49-4844-00-704-1704 

Gaar  Unit 

4040.00 

1 

9 

) 

)).  ) 

(6C1) 

) 

99-4984-00-704-2911 

Waveguide 

15.  19 

1 

9 

11 

122.2 

)B 

6 

99-4410-00-704-484) 

9etwork 

560. 12 

1 

9 

11 

122.2 

c(6cm 

5 

9C- 1040-00-704-9187 

Shaft,  Drivw 

62.65 

1 

9 

4 

100.0 

MPOBIl 

6 

99-4904-00-722-1168 

Raaiator,  Variable 

66.68 

1 

9 

18 

200.0 

R(6G1)1 

6 

99-4404-00-722-1446 

Tranafonaav 

209.28 

1 

9 

7 

77.8 

Tiwi 

4 

•99-4460-00-724-7119 

Blactron  Tuba 

28.  U0 

1 

9 

14 

)?7.R 

V (6P)  1 

9 

•49-4840-00-726-0407 

Aapliflar,  l.P. 

766.00 

1 

9 

16 

177.8 

(W> 

6 

49-4910-00- 764-6600 

Switch,  Airflow 

10.17 

1 

9 

12 

1)).) 

)P 

8 

•99-4960-00-800-1417 

Blactron  Tuba 

208.25 

1 

9 

61 

677.8 

TROBll 

9 

•99-4960-00-804-90)4 

Elactron  Tub* 

6.07 

2 

18 

24) 

1627.8 

V (58) 1/2 

9 

•99-4960-00-808-6977 

Electron  Tuba 

18.  17 

l 

9 

48 

5)).) 

V(5C)5 

9 

19-4984-00-816-2974 

Coupler,  Directional 

956 . 00 

1 

9 

l 

11.1 

( )T>) 

1 

•99-4960-00-816-6404 

Blactron  Tuba 

115.92 

1 

9 

72 

800.0 

V ( IB)  1 

9 

19-4914-00-856-9248 

network 

9)1.00 

1 

9 

1 

11.1 

Unknown 

1 

• 18-5840-00-867-4526 

Norn,  waveguide 

224.00 

1 

9 

16 

177.8 

B (18)  l 

9 

•49-5960-00-674-5078 

Blactron  Tuba 

.80 

1) 

117 

18) 

156.4 

58/5B/6P 

9 

49-5960-00-642-0861 

Magnetron 

922.00 

1 

9 

108 

1200.0 

V ( )B) 2 

9 

49-5410- 00-864-7844 

Capacitor 

7.28 

2 

18 

15 

8).  ) 

)B 

4 

49-5445-00-411-4841 

Relay 

296.47 

1 

9 

6 

66.7 

58/5D 

S 

49-5840-00-424  8814 

tog.  Rata  Gear  unit 

121)0.00 

1 

9 

4 

55.6 

(6G1) 

19-4405-00-424-8614 

Raaiator 

6.60 

1 

9 

14 

195.6 

R 08)1) 

18-5415-00-424-8821 

Natwork,  P.P. 

484 . 00 

9 

5 

55.6 

B 081)1 

•48-5441-00-446-4682 

Sanlconductor  Davlca 

1.42 

heobb 

18 

714 

1194.4 

)G/)P 

H.jK 

18-4940-00-480-2256 

Tranaforaar,  Pulaa 

511.00 

9 

11 

122.2 

T 081)1 

Hfl  , 

01. 

18 

12 

66.7 

60 

•Significant  Parte  Identified  In  both  the  DOG- 17  Clan  and  the  PP-1052  Clan  Ift  68  GPCS  SNAa . 
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